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WE HAND A NEW TOOL 


TO INDUSTRY 


PO SMS, 
YG ON 


The problem of making races for bearings with wall varia- 
tions held to an irreducible minimum, that is, with bores 
and outside diameters truly concentric, has intrigued engi- 
neers for years. 

Hyatt determined to solve the problem and now with 
considerable pride and satisfaction we announce the new 
process which we have originated and nurtured through 
persistent effort—wee call it chuckless grinding. 

Soon, all other industries may benefit from this Hyatt 
research and experimentation which has taken years of 
effort and which to perfect, cost thousands of dollars in 
our plant and elsewhere. 

But, the furthering of this revolutionary development of 
grinding accuracy in race manufacture, is only another 
measure of Hyatt endeavor to find better ways to safe- 
guard quality. We thus hope to insure the continued 
faith of Hyatt customers. Hyatt Roller Bearing Company, 
Newark, Detroit, Chicago, Pittsburgh, Oakland. 
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Producing a Potato Crop with the 
All-Purpose Tractor’ 


By R. U. Blasingame’ and A. W. Clyde’ 


HIS paper is limited to the problems involved in 

the development and adaptation of equipment to 

be used with the all-purpose tractor in the growing 
of potatoes on a commercial scale and to the utiliza- 
tion of such equipment. The objective of the research 
work here summarized is the reduction of the cost of 
power, labor, and machinery in potato production 
through better agricultural engineering practice. Such 
costs as rent, insurance, taxes, seed, commercial fertili- 
zer, Manure, spray materials, hauling, and grading 
are not included in this paper because they have no 
relation to power costs of field operations. 


Agronomists and pathologists have been conducting 


1Paper presented at a meeting of the Power and Machin- 
ery Division of the American Society of Agricultural Engi- 
neers held at Chicago, December 1933. Publication authorized 
by the Director of the Pennsylvania Agricultural Experiment 
Station, November 21, 1933, as Technical Paper No. 619. 


®2Head, department of agricultural engineering, The Penn- 
sylvania State College. Mem. A.S.A.E. 


3Research engineer, department of agricultural engineer- 
ing, The Pennsylvania State College. Mem. A.S.A.E. 

*Missouri Agricultural Experiment Station Research Bul- 
letin No. 197, Minnesota Agricultural Experiment Station 
Bulletin No. 280, Illinois Agricultural Experiment Station 
unpublished data on tractor costs. Iowa Engineering Bulle- 
tin No. 92, and South Dakota Agricultural Experiment Sta- 
tion Circular No. 6. 
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College farm superintendent, who supplied the land, seed, 
spray materials, labor, and agronomic advice; Dr. E. L. 
Nixon, for advice on pathology; Roy B. Johnson, tractor 
operator; International Harvester Company, for tractor, 
plow, and cultivator; Babcock Mfg. Co., for weeder; Killefer 
Mfg. Corp., for cover-crop disk and chisel; Massey-Harris 
Co., for the field cultivator; Deere & Co., for power-take-off 
digger; John Bean Mfg. Co., for power-take-off sprayers, 
and Fred H. Bateman, for planter.) 
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research studies over a long period and have developed 
basic data on seed selection, soil fertility, and spray 
practices for potato production which, when accurate- 
ly applied on good soil and with reasonably favorable 
growing season, will produce more satisfactory yields. 

Having in mind the well-established fact that power 
and labor costs represent from 40 to 60 percent of 
the total cost of producing potatoes as well as certain 
other crops, members of the agricultural engineering 
department of the Pennsylvania State College began 
in 1929 a comprehensive research program to deter- 
mine whether or not potato yields could be further 
increased and production costs further reduced by the 
use of all-purpose tractors with suitable attachments. 

Early in the course of this research program, it 
became apparent that many changes in equipment 
layout would be necessary to secure due advantages 
and benefits from the use of the all-purpose tractor 
in commercial potato growing. 


The following changes in this direction have thus 
far been made: 


1. Sprayer. The engine was removed from the 
sprayer, and the spray pump was operated by the 
power take-off from the tractor. This took the weight 
of the engine from the sprayer and reduced the cost 
of operations. The tractor has ample power for the 
dual function of pulling the machine and operating 
the pump. 

2. Weeder. A weeder was designed and built 
which attaches directly to the tractor drawbar. It can 
be put on or taken off by one man when the tractor 
is to be used for other jobs. 


3. Digger. A power take-off potato digger was 
built. Its advantages are that the speed of the digger 
elevator can be varied to meet different conditions 
independent of the tractor, and that the elevator chain 


AG. dey Oe 
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(Left) Planting potatoes with a two-row machine. (Right) Combination cultivator and weeder used first before 
the potato crop comes up 
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(Left) Cultivating potatoes the third time with spring-tooth cultivator. (Right) Eight-row, power-take-off spray- 


er — three nozzles to the row — operating at 400-lb pressure 


can be run with the tractor standing still in case the 
digger becomes too heavily loaded or clogged. 


4. Cultivator. Spring-tooth cultivators were adapt- 
ed which have reduced breakage where tight stones 
occur in the soil. 


5. Vine Lifter. An improvement was made in the 
vine lifter by attaching small rods at the rear which 
lessen vine damage by the sprayer wheels. 


6. Tractor Plow Spring Hitch. In parts of Penn- 
sylvania tight stones are encountered; indeed, this 
condition exists in many sections of the country. This 
has been a serious drawback to tractor plowing in 
the past causing (1) loss of time and (2) breakage of 
plows. To overcome this difficulty a very successful 
spring overload release plow hitch has been developed. 
This device throws out the tractor clutch through a 
large spring which also protects the plow against the 
shock of stopping the tractor. 


7. Harvesting. It was found that one-third of the 
labor in potato crop production was required to pick 
up the potatoes by hand at harvest. In order to reduce 
the cost of this laborious job a potato harvester has 
been designed and built. 

The following equipment was found well adapted 
to tractor operation without change: Plow, spring- 
tooth harrow, cover-crop disk, chisel, field cultivator, 
planter, and digger (with a front truck to regulate the 
depth). 

In order to obtain accurate information, the potato 
acreage is determined; all fertilizer is weighed; fuel, 
oil, and grease for each operation are weighed and 
measured; a service recorder equipped with a clock 
mechanism is attached to the tractor which makes a 


chart record of the time the tractor is idle or in opera- 
tion each day. 


Seedbed Preparation. On the College farm potatoes 
follow clover and timothy. Potatoes need a deep, loose 
seedbed with considerable organic matter well mixed 
in. The best procedure in our rather heavy soil (Ha- 
gerstown silt loam) seems to be plowing 7 to 8 in deep 
in the winter or early spring. Spring plowing is usual- 
ly followed by spring-tooth harrowing to save mois- 
ture. Later the field is disked with a cover-crop disk 
to mix the organic matter with the soil. If rains com- 
pact the soil after disking, it is advisable to loosen it 
just before planting. For this purpose we tried both 
chiseling a little deeper than the plow depth and culti- 
vating about 5 in deep with a spring-tooth field cultiva- 
tor. On this limestone soil there seems to be nothing 
gained in yield by preparing deeper than plow depth, 
and since chiseling or subsoiling is considerably more 
expensive than field cultivating, it does not seem justi- 
fied. There are, however, other soil conditions where 
chiseling could probably be advantageously substituted 


for plowing, especially after previous crop of soybeans 
instead of clover. 

Manure and Fertilizer. About ten tons of barnyard 
manure per acre was applied in the early fall. About 
850 lb of 4-10-9 fertilizer was applied slightly below 


and on each side of the seed when the crop was 
planted. 


Planting and Seed. The field was seeded with a 
two-row, automatic picker planter having a fertilizer 
attachment, this machine being calibrated to sow the 
correct amount of fertilizer and the picks being ad- 
justed to the size of seed before putting it into the 
field. The rows were 34 in apart and the seed pieces 
were spaced 10 in in the row. This machine will place 
the tubers at an optimum depth of 3 in below the level 
and covers them shallow. Shallow covering is declared 
by some pathologists to aid in the control of Phizoc- 
tonia and to hasten germination and growth of the 
plants. If care is exercised in having the seed uniform 
in size, weighing about 1'4 oz, the planter will do 
an excellent job of planting. Coil springs and wooden 
breakpins have been added to the furrow opener (or 
runner) to minimize breakage when tight stones are 
encountered. 

Two kinds of seed are usually planted: (1) New 
certified or disease-free seed, and (2) second year 
seed from the previous crop. After the second year, 
diseases appear to become prevalent, which is the rea~ 
son for new foundation seed stock each year. As a 
rule, about 24 bu of seed is required per acre. 


Foliage Protection—Spraying. Bordeaux mixture is 
used for foliag2 protection from insects and disease 
and to counteract damage from heat and drought. 
Bordeaux is made with 8lb of copper sulphate, 8 lb 
of quick lime, and 100 gal of water. Fifty pounds of 
copper sulphate is dissolved in a 50-gal wooden barrel. 
Fifty pounds of lime is slaked in a 50-gal steel drum. 
In slaking quick lime the quantity of water is accur- 
ately controlled, because too much water “drowns” 
the lime and too little “burns” it. Both result in sedi- 
ment which makes an inefficient Bordeaux, causing 
nozzle clogging, pump and valve trouble, as well as 


. less effective foliage protection. Wooden barrels and 


wooden stirring paddles are avoided for lime slaking 
because they disintegrate, yielding a pulp that causes 
serious nozzle clogging. A Bordeaux mixing plant is 
used to facilitate making a chemically accurate spray 
solution and to give effective handling of the water 
and stock solutions. 

Spraying is begun as soon as the rows can be fol- 
lowed and is continued at seven to ten-day intervals 
for three sprays. This is the “foundation series.” These 
sprays preclude the infection of the blights and repel 
insects. 


The second spray series controls insects and coun- 
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Table I. Typical Power and Labor with Tractor for One Acre of Potatoes 
(Most of this data is based on 5 years’ results on about 15 acres per year) 
Man-hours Tractor-hours Fuel, gal Grease, 
Operation Machine per acre* per acre per acre** Oil, gal lb 
Plow 2-bottom, 14-in 2.15 1.79 3.00 7 
Spring-tooth harrow 32 teeth, 12% ft 0.31 0.27 0.57 See See 
Disk harrow Covercrop, 5 ft 0.73 0.64 1.13 total total 
Field cultivate Spring-tooth, 7% ft 0.50 0.42 0.75 
Plant and fertilize 2-row, 68 in 3.207 1.20 1.20 
Cultivate or cultivate and 
weed 4 times 2-row, 68 in 2.60 2.15 3.00 
Weed twice 6-row, 204in 0.54 0.33 0.50 
Spray 11 times 8-row, 272 in (power take-off 3.5277 2.50 3.60 
Dig l-row (power take-off) 2.60 2.20 2.58 
Total for above operations 16.15 11.50 16.33 0.8 0.6 


*Includes time going to and from field, servicing tractor, making field adjustments and repairs, ete. 
**About 2/3 kerosene and 1/3 gasoline. Mixtures were sometimes used. 


+Two men planting and fertilizing. 


+tAbout 0.7 hours additional time needed per acre to prepare spray material. 


teracts intense heat. In this series, 2 lb of extra lime 
per each 100 gal of Bordeaux are used. These sprays 
are applied at seven to eight-day intervals depending 
upon the temperature. The hotter the weather, the 
more frequent the sprays. 


Blight control constitutes the third series, and again 
the frequency depends upon weather conditions and 
the prevalence of late blight. Under severe conditions 
five to eight-day intervals may be necessary, while ten- 
day intervals are the maximum under any conditions. 
As a rule, ten to twelve sprays are applied each season. 


The all-purpose tractor power take-off is ample for 
spray pump requirements, the minimum of which is 
2 gal per minute per row, 250 to 3001b pressure per 
square inch at the nozzle, 150 gal of spray per acre 
and three adjustable nozzles to the row. This usually 
requires about one horsepower per row with present 
pumps. 

An 8-row spray boom has been employed in this 
potato production program. The boom and nozzles are 
carefully adjusted to the size and height of the plants. 
In general, the nozzles are adjusted 18 to 20in from 
the optimum amount of foliage to be protected. The 
tractor speed is regulated to apply a minimum of 150 
gal of spray per acre. 


Cultivation and Weeding. After the potato crop 
has been planted and before the plants can be seen in 


Table Il. Overhead Costs of Tractor 
(600 hr use per year, 10-yr life) 


Tee a Tims CEIIO == TO) inns $ 90.00 
Interest on average value, [900 + 90] + 2 at 6%... 29.70 
Repairs at 8c perhr (or 5-1/3% of first cost). 48.00 
Housing, taxes, and insurance 10.00 
TSCAl GVSTHCA COBE WOT VCO ciiiincscssccccci etn $177.70 
Overhead CharGe Per NOU LK«M...ccrecresscsccccccceecnnsssssscsrcinmanee § 0.30 


the row, the cultivator is run as deep as practicable. 
This is spoken of as “blind cultivation.” Then, as soon 
as the rows can be seen, the field is weeded. These 
two operations destroy the first crops of tiny weeds 
before they are large enough to be troublesome and 
while they are easily controlled. As a rule the field 
is cultivated about four times during the growing 
season. Usually the weeder is run after each rain. In 
case of no rain weeding is done at intervals of about 
7 to 10 days until the vines are about a foot high. It 


Table IV. Cost Estimate per Acre of Work with Tractor in 
Growing 40 Acres of Potatoes* 
Power and Labor Cost per Acre 


Overhead cost of tractor, 11% hr at 30c. $ 3.45 
Fuel, 16-1/3 gal at 12c. 1.96 
Oil, 0.8 gal at 70c............ .56 
Grease, 0.6 gal at 15c .09 
Labor, 16.15 hr at 30c.... 4.85 
PN a aicuastasaecsscaeiseh senescence pn chuanaaasabi al $10.91 

Machinery Costs Other Than Tractor per Acre 
Plow, two-bottom, $ 3 
Spring-tooth harrow, 12% ft 08 


Disk, cover-crop, 5 ft... aR 
BP I Te Taisen cininicsncstcteninssssnsvrisscinnn 21 


Planter, 2-row automatic alanine 1.05 
Cultivator, 2-row (or parts of cultivator 

and weeder) four times over at 18c............... 72 
Weeder, twice at 15c..... pssbcabenlas onthe .30 
Sprayer, 8-row, 11 times over at 29c............. 3.19 
aR” AREER eens en ied Eien nC i ei ee cmc 1.04 

Total ... meee 7.32 

Total power, labor, and machinery..................... $18.23 


*Includes digging but does not include the following items 
which would be about the same regardless of power used: 
applying manure, cutting seed, mixing spray materials, 
hand weeding or hoeing, picking up potatoes, and hauling 
fertilizer, seed, and the crop. 


Table III. Annual Cost of Machinery 


Repairs Total yearly cost 
Interest, Per Per 
Acres Days Depre- insurance, cent cent 
covered used Life ciation, housing, of of Cost 
once per Cost in per per cost cost per acre 
Machine per yr yr new years cent cent Cost new new Amount once over 
Piew .............. PORN ID Tear ee EEN 70 15 $115 12 8.3 5 $15.00 13 26.3 $30 25 $0.43 
Spring-tooth harrow . ie DD 3% 52 15 6.7 5 2.00 4 15.7 8.15 0.08 
Disk, cover crop ....... ree 60 4% 130 15 6.7 5 2.60 2 13.7 17.80 0.30 
Field cultivator ; 80 2-2/3 120 15 67 5 3.00 215 14.2 17.00 0.21 
Planter ists 40 6% 275 2 8.3 5 5.50 2 15.3 4210 105 
Cultivator and vine 1 160 10 160 10 10.0 5 4.80 3 18.0 28.80 0.18 
PO grits score emrsneseccecibiniooceeses 80 2 95 15 6.7 5 1.00 1 12.7 12.00 0.15 
Sprayer . : Soe. ae 14 750 10 10.0 5 15.00 2 17.0 127.50 0.29 
cit ac ctnclpscencmmensvcoesciecctoenicce 40 10 220 10 10.0 1 19.0 41.80 1.04 
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(Left) A potato vine lifter to protect the vines from damige by the sprayer wheels. 


(Right) One of the two suc- 


cessful tractor stop-hitches used in the Pennsylvania experiments 


is common practice to run the weeder in the same 
direction over the vines each time. 

It has been the practice in.some of the cultivations 
to substitute the two-row section of the weeder at the 
rear of the tractor for the rear cultivator teeth, leaving 
the two-row cultivator in front. This makes a com- 
bination weeder and cultivator. The authors doubt, 
after several years’ study, that this combination is the 
best practice. Hereafter, it will be the practice to em- 
ploy both front and rear cultivators for cultivation 
and then run the 6-row weeder when needed, without 
the cultivator. It must be remembered that the weeder 
destroys only very tiny weeds. Its effectiveness in 
weed control is best when the ground is loose. If the 
field is hard, cultivation is essential before weeding. 

436-Bushel Yield. By this year the all-purpose trac- 
tor equipment for potato production had been per- 
fected to the point where, with a fairly good growing 
season, the production was 436 bu on a measured acre. 
This makes this department eligible for the 400-bu 
club which was organized several years ago by repre- 
sentatives of the Pennsylvania State College and spon- 
sored by the Pennsylvania Potato Growers’ Association. 
Eligibility for the club is based on the production of 
400 bu or more per acre on a measured acre. The 
production (by weight) must be certified by a respon- 
sible disinterested party. 

Thus it has been established beyond a doubt that 
satisfactory potato yields can be had with tractor 
power and with a minimum expenditure of power and 
labor. There is no doubt that with tractor power and 
proper equipment, field operations can be quickly and 
thoroughly done at the times when they pay best. 
Each year potatoes have been grown on the College 
farms with horses as well as with tractor power. The 
yields on the tractor fields have been as good or better 
where tractor power was used, although no comparable 
tests have been made. 

Size of Field. Comparatively small fields of about 
15 acres of potatoes have been grown each year. This 
acreage was consistent with good research practice in 
view of the fact that machinery often had to be altered 
during the growing season. With the present equip- 
ment set-up, much larger acreages could be handled 
by a commercial potato grower. 

For instance, with the all-purpose tractor 15 acres 
of potatoes can be covered once over in the following 
number of hours: Plowing, 32; spring-tooth harrow- 
ing, 4%; disking, 11; field cultivating (seedbed prepar- 
ation), 714; planting, 24 (2 men); cultivating, 10; 
weeding, 4; spraying, 5. 

Basis for Computing Costs. Tables II, III, and IV 
give cost estimates for the tractor field operations listed 


in Table I on 40 acres per year. The 40-acre basis is 
chosen because it is believed to be a conservative esti- 
mate of what the tractor and equipment could handle 
without additional power or unusually long days. One 
peak comes during cultivating, weeding, and spraying, 
and a second during digging; these are probably the 
limiting factors. It is assumed that the tractor and 
machinery for seedbed preparation will be used for 
other crops; therefore, its yearly cost is divided ac- 
cording to acreage. In Table III interest on the aver- 
age investment is combined with insurance, taxes, and 
housing to make a total of 5 per cent of the first cost. 
Estimates of life, repairs, etc., are based on our 
own experience and surveys, and on information from 
several other experiment stations‘. The authors have 
tried to make all estimates conservative because ex- 
perience in rather stony ground through central Penn- 
sylvania shows that machinery has shorter life and 
higher repair expense per acre than in stone-free locali- 
ties. The repair expense of 8c per hour for a 2-plow 
tractor is higher than many estimates. Lower estimates, 
however, are often based on rather new tractors which 
have not had a major over-haul. When that is made, 
the repair charge goes up sharply. In this connection, 
it may be mentioned that the tractor used in this 


experiment is one of the early general-purpose types 
and is now 8 years old. 


RECOMMENDATIONS FOR FURTHER STUDY 


Both the track and the wheel type tractors have 
proved adaptable to potato planting and digging. Rub- 
ber tires may have possibilities for improving the per- 
formance of wheel tractors. Most tractors have been 
built to run on kerosene for the purpose of reducing 
the cost of fuel and ordinarily have a compression 
ratio of about 4% to 1. When users attempt to burn 
gasoline with an antiknock rating of 66 or more in 
kerosene tractors the efficiency is low. 


Many owners prefer to use gasoline instead of kero- 
sene. There is, therefore, a need for a higher com- 
pression engine which will be more efficient with gaso- 
line. A 200-cuin, four-cylinder engine of good design 
can have a ratio of about 5% to 1 for regular gasoline, 
or somewhat less for poor grades. It will develop 
considerably more power than the kerosene engine 
from the same amount of fuel. We believe that tractor 
manufacturers should give customers a choice of two 
or three-cylinder heads, so that the proper compres- 
sion can be obtained for the fuel used. Buyers could 
well afford to pay any extra cost involved. 

Although manufacturers have made notable im- 
provements which have strengthened their tractor- 
drawn machinery, we feel that there are still a few 
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parts which need to be made more rugged for working 
our heavy, stony soil. The time lost when an outfit 
is idle and should be working increases production 
costs. A short delay on a two-row cultivator is as 
costly as a much longer delay with a one-row outfit. 
A few definite suggestions for the improvement of 
equipment are listed below, but no particular manu- 
facturer is mentioned because in general all makes of 
machines might be improved in certain respects as 
follows: 


1. We have used two different tractor stop-hitches 
during the past two years which protect the plow and 
digger when stones and other obstacles are encoun- 
tered. One type was developed by a manufacturer and 
the other by ourselves. Both stop the tractor when a 
solid stone is hit and cushion the shock on the plow. 
It is hoped that something will soon be put on the 
market for use on our potato farms. 


2. Eight and ten-row booms for sprayers need to 
be rugged and still flexible enough to yield when they 
strike a tree or fence post, and the life of steel pipe 
should be lengthened for use under the corrosive action 
of Bordeaux spray. We are replacing standard pipe 
with extra heavy pipe, but that merely postpones fail- 
ure. Manufacturers should investigate brass pipe or 
some means of protecting steel pipe from corrosion. 


3. Crops are damaged by sprayer and tractor 
wheels. The rows next to the sprayer tracks average 
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less bushels per acre than other rows. No one seems to 
know whether the damage is due chiefly to packing, 
to root pruning, or to vine injury. While the cause 
is being studied it might be worth while to see the 
effect of rubber tires on the sprayer and tractor. 


4. A potato digger must plow up the potatoes, 
separate them from vines, stones, dirt, and clods, and 
leave them visible on top of the ground so they can 
be easily gathered. Lack of understanding of the hand- 
ling of the digger and adjustments sometimes causes 
considerable damage. The early potato diggers were 
simple in design but handled far less dirt than present 
diggers. Their weakness was due to the fact that they 
did a poor job of separating potatoes from vines and 
left many potatoes covered with dirt, making the job 
of gathering more difficult. Present diggers seem to 
us to handle too much dirt. We confidently expect to 
see manufacturers improving their potato digger equip- 
ment. 


5. Nearly the entire crop of potatoes is picked by 
hand in a primitive, laborious, back-breaking manner. 
Several machines are being tried to make this work 
easier. We have developed one which removes the 
drudgery and reduces the cost of harvesting. It has 
been used on 15 acres for the past three years. It is 
hoped that the manufacturers may accelerate their 
research programs on this problem to such an extent 
that we may soon see potato harvesters on the market. 


The Abrasive Effect of Lime as Used in 


Bordeaux Mixture 
By E. L. Nixon’ 


INCE the discovery of Bordeaux mixture much ex- 
perimental work has been devoted to its perfection. 
Many changes in its preparation have resulted from 

greater knowledge of the factors determining its effec- 
tiveness. One of the earliest changes had to do with 


1Paper presented at a meeting of the Power and Ma- 
echinery Division of the American Society of Agricultural 
Engineers during the annual meeting of the Society held at 
Chicago, December 1933. Publication authorized by the 
director of the Pennsylvania Agricultural Experiment Sta- 
tion as Technical Paper No. 576. 


4Professor of plant pathology, The Pennsylvania Stste 
College. 


the reduction of the copper content. The lime, too, 
has had its share of consideration especially as con- 
cerned the amount in relation to the copper. As to 
form, all of the earlier formulas recommended fresh 
stone-lime, referred to also as lump lime. During this 
early period not a great deal of attention was paid to 
the quality of the lumps. It was more a case of using 
what was available. Now a hand-picked product in 
convenient airtight containers in which it is preserved 
indefinitely without deterioration is on the market. 
Thus with a technique acquired to slake it properly, 
growers can now make the most perfected Bordeaux 
mixture since its discovery. Experimentation has 
shown that the standard 4-4-50 formula is the most 
effective and economical. 


During the period when a good quality of stone 
lime was difficult to procure and more difficult to pre- 


Figs. 1to6 Photomicrographs of disks used for 10h 
continuous spraying with each of the three forms of 
lime used in this experiment. Figs.land4 Surface 
and cross section views of a disk used with stone lime. 
Figs.2and5 Surface and cross section views of a 
disk used with pulverized pebble lime. Figs. 3 and 6 
Surface and cross section views of a disk used with 
hydrate. Fig.7 Photomicrographs of a disk from a 
spray boom which had covered 1400 acres with stone 
lime. Fig.8 From a spray boom which had covered 
480 acres with hydrate. It was not deemed neces- 
sary to show similar views of an unused disk since 
such views would approximate very closely the 
slightly worn ones represented by Figs. land 4 
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serve, other forms, particularly hydrate, were substi- 
tuiled for the lump form. Recently a finely pulverized 
form has been placed on the market. ‘the purpose of 
pulverizing this form was io eliminate the sedinieut 
which invariably resulted from slaking. It is evide.t 
to any one familiar with slaking such batches of lime 
ihat this residue is made up of impurities, the pulveriz- 
1ig of which renders them undecectapie by ordinary 
lieaiis and inseparable, of course, in preparation of 
he spray mixture. it is also evident that any such 
impurities found in the lump form never ge: into the 
Lordeaux mixture for they are of sufficieut size to be 
removed by ithe ordinary screen which comes with the 
spray outfit. The cost of either the hydrate or pulver- 
ized torm is more than ihe hand-picked lump and 
neither of them has quiie equalled the stone-lime for 
effectiveness in our tests on potatoes or other crops. 
The single argument in their favor is that their use 
does not require a mastery of the art of slaking. Any- 
one, however, who has a discriminating appreciation 
of a properly prepared batch of Bordeaux mixture 
knows there is actually no more labor involved in 
using one form of lime than another. 

Field observations over a period of years have indi- 
cated that the various forms of lime resul.ed in unequal 
wearing of spray equipment, especially of the disks of 
the spray nozzles. Accordingly, an experiment was 
planned to procure data under controlled conditions. 
A spray boom of ten nozzles was devised to allow for 
continuous spraying with the several forms of lime 
used in the preparation of Bordeaux mixture. The 
equipment was arranged in such a manner that the 
spray material was collected and pumped over and 
over. The spray pump was operated at a uniform 
pressure of 400 lb per square inch at the nozzle for 
periods of ten hours of continuous spraying. Stone- 
lime, pulverized lime, and hydrate lime are obtained 
from the best available commercial sources. Further 
precautions to secure uniformity in the conditions of 
the experiment were observed in the selection of the 
disks for the spray nozzles. The disks used were all the 
product of one lot of a leading spray manufacturer, 
so that each series of ten disks represented a random 
sample, thus possessing as great a uniformity as to 
hardness, structure, and thickness as possible. 


Ten disks were used at a time and the experiment 
was repeated five times for each of the forms of lime 
used. Accurate weighings were made of each disk be- 
fore and after using. It was calculated that 600 gal of 
Bordeaux mixture passed through the orifice of each 
disk during the ten-hour period. Any wearing of the 
orifice walls would be due to the passage of the spray 
material through them. 


Examination of the disks revealed that the orifices 
were enlarged unsymmetrically, having worn more on 
the exit than on the entrance of the opening. The ero- 
sion appears to be conical (Figs. 2,3,5,and6). It is 
well known that the spray as it leaves the orifice of a 
disk is cone shaped, occasioning the rise of the term 
“the cone of the spray”. Apparently the angle at which 
the orifice wall erodes approximates the angle of “the 
cone of the spray”. It can doubtless be shown that 
there is a relationship between this conical wearing 
of the aperture of the disk and the form and structure 
of the cone of spray which in turn is an element in 
the effectiveness of the spraying. 

While there was a fairly consistent tendency for 
the wearing of all the disks of each set to be uniform, 
some of them showed unevenness in wearing. This 
irregularity, however, was no greater than might be 
expected from slight variations in hardness of the 
disks. The original diameter of the orifice on the 
inside of the disk was not observably enlarged, the 
wearing being confined to the outside. The final break- 
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down of the opening is due to the reaming out of the 
orifice from the exit side until it is cut througa to the 
entrance side of the disk. Finally the thin edge gives 
way, resulting in an irregular hole, which then makes 
the cone of spray asymmetrical. (Fig. 8). 


The summary of the comparative losses in weight 
in the following table indicates an instructive relation- 
ship between the kind of lime used in the preparation 
of the spray mixture and the wearing of the disks. 
The table gives the average weights in grams of 50 
disks for each form of lime before and after spraying 
for ten hours. 


Pulverized 


Lump lime pebble Hydrate 
Average weights in grams ae —_— 
of 50 disks before using 8.5791 8.5450 8.3170 
Average weights in grams 
of same disk after using 8.5772 8.5325 8.3049 
Loss 0.0019 0.0125 0.0121 


While the loss in weight may appear too little to be 
conclusive, it should be noted that most of this loss 
comes from the orifice or opening in the disk which 
was originally a comparatively small hole, having a 
diameter of 0.0465 in. The type and size of the opening 
in spray disks cannot be overemphasized for the most 
efficient spraying. It has been shown that size and 
shape of disk opening, whirl plates, and pressure are 
inter-related. It is clear that this balance is upset soon- 
er from the use of pulverized and hydrate lime, due 
to the more rapid erosive effect. 


The economic importance of this abrasive effect on 
the spray disks is best appreciated by anyone familiar 
with the cost of replacement. The greater loss, how- 
ever, comes from postponement or neglect in replacing 
the worn disks, resulting in inefficiency (See Fig. 8). 

This differential outlay for disks would presumably 
extend also to the replacement of plungers, packing, 
cylinders, and valves. 

It can be calculated from these losses in weight for 
the various forms of lime that, if the same rate of wear- 
ing were to continue it would require 66h to wear off 
as much in weight with stone lime as was worn off by 
ground burned lime in 10h. An application of these 
calculations to. field conditions shows that a ten-row 
spray boom of 30 nozzles, each discharging 60 gal per 
hour, would spray in 66 h 118,880 gal of Bordeaux mix- 
ture. At the standard application of 150 gal per acre 
this would cover 792 acres with Bordeaux mixture 
made from stone lime. In the case of Bordeaux mix- 
ture prepared from ground burned lime, the same 
computations show that only 120 acres would be cov- 
ered to make the same equivalent in disk wearing. 


Actual field conditions approximate pretty closely 
these calculations as exemplified by Figs. 7 and 8. Fig. 7 
is a photomicrograph of a disk which was taken from 
a sprayer after completing 1400 acres of spraying in 
which stone lime was used in preparing the Bordeaux 
mixture, and Fig.8 is a photograph of a disk which 
was taken from a sprayer after completing only 480 
acres of spraying in which hydrated lime was used in 
preparing the Bordeaux mixture. There is no telling 
how long inefficient spraying was going on through the 
disk represented by Fig. 8, since a symmetrical cone 
cannot come from such an irregular opening, and fur- 
thermore, the proper relationship of disk opening to 


whirl plate and to pressure has been completely nulli- 
fied. 


(AUTHOR'S NOTE: Acknowledgments are due to Dr. 
Helen PD. Hill for criticism in the preparation of the manu- 
script, to Dr. J. Ben Hill for assistance in photography, and 
to the Department of Agricultural Engincering of The Penn- 
sylvania State College for laboratory facilities.) 
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(Left) A rusted sheet metal barn roof before painting. (Right) Same roof after application of metallic zine paint 


The Use of Metallic Zinc Paint for the 


Protection of Metal Surfaces 
By H. P. Fritsch’ 


HE great destroyer of iron and steel is rust. No 

one can even approximate the continuing and 

enormous losses of which it is the direct cause. 
A tremendous amount of research has been devoted 
to solving the problem of rust and huge expenditures 
are made every year to lessen its ravages, but no 
complete and permanent answer to the rusting prob- 
lem has ever been found. 


This problem has been attacked principally through 
one of three general methods: (1) Through certain 
metallurgical treatments of the iron or steel, chiefly 
by alloying it with another metal, such as copper, so as 
to retard or reduce the rate of corrosion; (2) through 
covering it with another metal as a protective coating, 
and (3) through the use of paints, adapted to metal 
surfaces, which afford a protective film. The first of 
these methods acts merely to slow up the rusting proc- 
ess; the second and third, properly applied, will actual- 
ly prevent rust so long as the protective coating is 
intact. When the coating is gone, however, it is obvi- 
ous that rust will attack the exposed areas of the iron 
or steel surface, and consequently the utmost care 
should be given to the adequacy and durability of such 
coatings. 

A discussion of the different metallurgical prac- 
tices designed to retard corrosion will not be attempted 
in this article, but a brief consideration of coating with 
other metals is quite apropos, because its use is so 
widespread on materials that enter into farm building 
construction. Among the metals used for coating pur- 
poses are zinc, copper, tin, lead, cadmium, nickel, 
chromium, and aluminum, and of these the one most 
widely used is zinc. U. S. Bureau of Standard Circular 
No. 80 states definitely that of the common metals zinc 
is “by far the best” for the rustproofing of iron or 
steel. 

Zinc is easily and effectively applied to the iron or 
steel surface, gives an impervious, continuous coating, 
and is the only one of the commonly used metals that 
exerts a “galvanic” or electrochemical action which 


ISecretary-treasurer, Vane-Calvert Paint Company. Aff. 
A.S.A.E. (Mr. Fritsch is considered the dean of paint tech- 
nicians in this country and is widely known in the industry.) 


prevents the formation of rust even where a small area 
of the underlying metal is exposed to the atmosphere. 
It should always be remembered that the life of the 
zinc coating depends primarily on its thickness, or 
weight. The heavier the coating, the longer the life; in 
fact, under ordinary rural conditions it has been found 
that a relatively small increase in weight of zinc coat- 
ing will give a much larger proportional increase in 
durability. For example, doubling the weight of zinc 
coating may increase the durability several fold. 

The protection of metal surfaces by painting has 
involved the use of many different materials, with 
widely varied results. A paint for metal surfaces 
should possess certain distinctive characteristics. 
Among these are rust prevention, distensibility, hiding 
power, spreading rate, durability, ease of application, 
and good appearance. 

First of all, a paint used for a “primer” or first coat 
should be one particularly adapted to metal surfaces. 
Many paints make excellent finish coats that will with- 
stand exposure to the weather, but are not at all suit- 
able as metal primers, and paints which are well 
adapted to wood surfaces may not be at all suited to 
metal surfaces. 

Paints in common use for metal surfaces are for- 
mulated with various pigments, including red lead, 
blue lead, lead chromate, zinc oxide, zinc chromate, 
iron oxide, graphite, metallic aluminum powder, and 
metallic zinc powder. In addition to these, of course, 
asphalt and coal tar paints are widely used. 


Each of these paints possesses some of the charac- 
teristics previously enumerated, but the combination 
of all of them is possessed to an extraordinary degree 
by a special paint manufactured from metallic zinc 
powder. In this paint the metallic zinc powder consti- 
tutes approximately 80 percent of the pigment, the 
remaining 20 percent being zine oxide. The usual 
vehicle is linseed oil. Both the metallic zinc powder 
and the zine oxide are rust-inhibitive. The function of 
the zinc oxide is twofold. It helps to hold the heavy 
zinc powder in suspension, and by reason of its finer 
particle size it gives the paint a more impervious film. 


Metallic zinc paint, due to its chemical nature, is 
extraordinarily effective as a rust-preventive. Zinc in 
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the form of galvanizing, as has been stated, exerts an 
electrochemical or “galvanic” action upon the under- 
lying iron or steel, and apparently this characteristic 
of zinc is likewise effective when it is applied as a 
paint film. 

The primary factor entering into adherence of paint 
to a metal surface is the natural “sticking” qualities 
a paint has for that surface. That metallic zine paint 
will adhere to a metal surface has been proven by tests 
of several years duration, after which careful observa- 
tions have shown the paint film to be still in excellent 
condition. Even in the case of zine and zinc-coated 
surfaces, which present a particularly difficult problem 
for most paints, metallic zinc paint has shown remark- 
ably good adherence, even without the pretreatment 
or etching of the surface which is usually considered 
essential. 

Distensibility of a paint film is that property which 
enables it to adjust itself to changes caused by expan- 
sion and contraction, or mechanical deformation of the 
underlying metal. The excellent distensibility of metal- 
lic zinc paint is demonstrated by the maintenance of 
an unbroken film after years of exposure on the roofs 
and sides of metal-clad buildings. 

Metallic zinc powder is wholly opaque to ordinary 
light and when applied in the form of paint will ob- 
scure with one coat even the darkest background. This 
is vividly illustrated by examination of badly rusted 
surfaces which have been painted with it. On account 
of this property it is especially valuable for use in 
covering up metal roofs which have become unsightly 
by reason of conspicuous rusted areas. In all such 
cases, of course, the rusted areas should be given a 
vigorous wire-brushing before the paint is applied. 

It is obvious that in order to be economical a paint 
should cover the maximum of area with the minimum 
_ of labor in application. Actual applications of metallic 
zinc paint have shown the remarkably high spreading 
rate of 700 to 800 sq ft per gallon, or even more. 


ANNUAL Cost Is THE REAL MEASURE 
oF PAINT VALUE 


The durability of a paint film as a continuing pro- 
tection to the surface underneath is of extreme impor- 
tance, for, after all, the cost per year is the real meas- 
ure of value. Metallic zinc coatings on various metal- 
clad buildings, exposed to industrial conditions, are 
still in good condition after four to eight years’ expo- 
sure; in fact, their present condition indicates a con- 
siderably longer life even under these severe condi- 
tions. Under the more favorable conditions of rural 
exposure the durability of the paint is of course 
materially increased. 


Metallic zinc paint works easily and efficiently under 
the brush or in the spray gun, and spreads with sur- 
prising ease. It “levels” very well, without leaving 
brush marks, and is well adapted to painting wire and 
other small dimension pieces, where sharp corners or 
crevices make conditions difficult for ordinary paints. 


In appearance the natural color of this paint is a 
battleship gray, quite similar in appearance to that of 
a weathered galvanized sheet. The surface of the paint 
is extraordinarily dense and uniform, and sheds dirt 
well, thus preserving its handsome appearance. 


The advantages of metallic zinc paint as a primer 
are enhanced by the fact that it makes an excellent 
base coat in case a finish coat of another type of paint, 
having some special color, is desired. It is to be noted, 
however, that best results are to be had by using the 
same paint for both primer and finish coats, and one 
of the distinct advantages of metallic zinc paint is that 
it can be very successfully used in this manner. 


AGRICULTURAL ENGINEERING 


Metallic zinc paint is available in either the paste 
form, which must be thinned with linseed oil and drier 
before using, or in the prepared form, ready for appli- 
cation. In many cases this paint is now furnished in 
double-compartment cans, the metallic zinc powder 
being stirred into the vehicle before using. This pow- 
der will not settle into a hard mass at the bottom of 
the can as is so often the case with other metallic 
powders. 

The surface of the metal to be painted should be 
dry and warm. Exterior painting should not be done 
too early in the morning when dew may be present, 
and to secure the best results should be carried on 
only in warm weather. Actual experience has shown 
that the spreading rate is greatly reduced when tem- 
peratures are low. 

Metal surfaces should be free from grease and dirt 
and from loose rust. Sand-blasting is the most effec- 
tive treatment for all conditions of the surface, as it 
not only cleans but also roughens or “etches” the sur- 
face so as to give the paint a good grip. 


THE PREPARATION OF METAL SURFACES 
FOR APPLYING PAINT 


In the case of zine or zinc-coated surfaces, the best 
method of preparation is to let the surfaces weather 
for six months or longer. If it is desired to paint these 
surfaces at once, if already free from grease, they can 
be readily etched by means of a solution of copper 
acetate, copper chloride, or copper sulphate, about 
four ounces to a gallon of water. This solution may 
be applied with a brush, allowed to dry, and any loose 
deposit that may have formed should then be care- 
fully brushed off. A more practicable and economical 
method of cleaning and etching the zine surface in a 
single operation, particularly where grease is present, 
is to apply liberally with an oil-free brush an acidified 
mixture of approximately the following composition: 
60 volumes denatured alcohol, 30 volumes tolurol, 5 
volumes carbon tetrachloride, and 5 volumes commer- 
cial concentrated hydrochloric (muriatic) acid. This 
treatment is especially effective and is highly recom- 
mended. 

It may be of interest to indicate the various reasons 
why zinc and zinc-coated surfaces usually require spe- 
cial treatment before painting. Among these are: (1) 
the presence of oils or grease due to handling of the 
sheets or as lubricants applied in their manufacture, 
(2) the inherent smoothness of the zinc surface when 
new, (3) certain physical characteristics, such as the 
relatively high coefficient of expansion of zinc and the 
comparatively low coefficient of expansion of certain 
primers, and (4) certain progressive reactions that 
may take place between the paint itself and the zinc 
surface. Under certain circumstances difficulty may be 
caused by any one of these factors or by a combination 
of any of them, so that it is essential in the painting of 
zinc surfaces to take all of them into consideration and 
provide accordingly. The methods outlined above are 
offered as suggestions although these constitute only 
a few of the possible methods. 

As stated before, metallic zinc paint, probably due 
in part to its chemical composition and in part to its 
unusual distensibility, affords much better adherence 
to zinc and zinc-coated surfaces than many other 
paints commonly used for the purpose. 


The whole subject of painting sheet metal and struc- 
tural iron and steel is one of extreme importance and 
always merits the most careful attention. This is espe- 
cially true in the agricultural field where every year 
rust destroys millions of dollars’ worth of property— 
roofs, machinery, tanks, gates, windmills, etc. It is 
always real economy to use only the best paints, espe- 
cially adapted to the work in hand. 
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New Process for Making Zinc Coated Farm 
Fencing More Durable 


By J. L. Schueler’ 


N general, woven wire fences on farms are brought 

to the end of their useful life by corrosion. The 

problem of the engineer, both in designing fencing 
and controlling the properties of its materials, and in 
counselling its selection for specific applications, is 
to arrive at the most economical relation between use- 
ful life and overall cost of purchase, installation, and 
maintenance. 


From the standpoint of corrosion resistance alone, 
steel is one of the poorest of common materials that 
could be selected. Yet no other economically avail- 
able material affords the necessary physical properties 
such as tensile strength, workability, etc. Hence, with 
steel to furnish the necessary strength and an ade- 
quate protective coating to furnish resistance to corro- 
sion, woven wire fencing has the best qualities of both. 

The corrosion of steel, and in general all other 
metals as well, is affected by the natural influence of 
climate, and by certain man-made contributions to, 
or pollutions of, the atmosphere. Like many chemical 
reactions, rusting proceeds more rapidly as the tem- 
perature increases. Humidity also accelerates corro- 
sion. Where these two influences are combined, as, 
for instance, along the Gulf of Mexico, corrosion is 
relatively rapid. 

Corrosion is more severe in air containing smoke 
or other industrial gases. Those gases which contain, 
or oxidize to produce, sulphuric acid, seem to be the 
worst offenders. Coal of all kinds contains varying 
but appreciable amounts of sulphur, and the amount of 
atmospheric gases coming from the combustion of coal 
is a material factor in the rapidity at which wire 
fencing corrodes. 

The most practical and economical method of pro- 
tecting steel fence wire from corrosion is to coat the 
wire with zinc, which the U. S. Bureau of Standards 
states is “by far the best” protective metallic coating 
for the rust-proofing of iron and steel. This process, 
strangely enough, is called galvanizing although there 
is nothing galvanic about it, no electricity being used 
in the application of the zinc. However, we will see 
later that galvanism, or electrolytic action, does play 
a part in the subsequent protection of the steel by 
the zinc. 

The main purpose of the zine coating is to seal the 
inclosed wire from the air and moisture with a layer of 
highly impervious material which itself is sufficiently 
resistant to corrosion to have a reasonably long life. 
Other things being equal, a thick coating of zinc will 
take longer to be consumed by corrosion and so will 
protect the steel for a longer period than a thin coat- 
ing. Unfortunately, however, the fence manufacturer 

cannot improve his product merely by yielding to a 
generous desire to put on more zine. Zine coatings 
are inherently brittle, especially if they are heavy. 


The secondary pyrpose of the zinc coating is to 
divert corrosion from the steel by electrochemical ac- 
tion. This it does by virtue of being electro-negative 
toward steel. If a strip of zinc and a piece of steel 
are immersed in a glass of water to which a few drops 
of sulphuric acid have been added, we have the famil- 
iar classroom example of a voltaic cell. If the two 
metals be brought into contact with each other, or 


1Chief metallurgist, Continental Steel Corporation, Ko- 
komo, Indiana. 


connected by a wire to form a closed circuit, an elec- 
tric current flows from zine to steel through the 
liquid, or electrolyte, and as long as the zine remains 
the steel is protected from attack by the acid. 

If the zinc is replaced by some metal which is 
electro-positive toward steel, such as tin, lead, or cop- 
per, the current reverses its direction of flow, and tne 
steel, instead of being protected, is consumed, as was 
the zinc in the first case. 


A wire fence is a collection of just such short-cir- 
cuited voltaic cells, infinitely small. Exposed surfaces 
of steel, such as cut ends, tool marks, and microscopic 
pores through the zine coating, are wet with rain or 
dew which has absorbed sulphuric acid and other 
corrosive substances from the air. If the drop or film 
of moisture also touches the zinc, the corrosion is 
diverted from the steel. It is important to remember 
that such protection of the steel is accomplished at 
the expense of consuming the zinc. 

The rate at which the zinc is consumed, in addi- 
tion to the direct weathering action which would occur 
with zine alone, is governed in considerable part by 
atmospheric conditions which are beyond control. 
This rate also is affected by the area and distribution 
of the bare spots on the steel. As long as these bare 
spots are few and small, the burden of protection im- 
posed on the zinc is diminished. When the zinc is 
nearly all used up, or for any reason the area of ex- 
posed steel increases, the remaining zine is very rap- 
idly consumed. Then the steel rusts away at a rate 
controlled only by its individual rust-resisting prop- 
erties. 

In this connection it has been found that rusting 
under atmospheric conditions proceeds much more 
slowly with steel into which 0.20 to 0.30 per cent of 
copper has been incorporated during its manufacture. 
There is abundant experience to prove that steel with 
this content of copper has substantially longer life. 

Among these experiences, the results of certain 
well-controlled tests made by the American Society 
for Testing Materials are outstanding. Under various 
climatic conditions, typical of those to which woven 
wire fencing is subjected in actual use, these tests 
showed that the addition of 0.20 to 0.30 per cent of 
copper increased the life of steel from one and one- 
half to three times. 


APPLYING ZINC COATING TO STEEL WIRE 
Is A DIFFICULT PROCESS 

Unfortunately the only way to determine the dura- 
bility of wire fencing is by actual test in a specified 
locality. We have useful tests to guide and control 
processes of manufacture, such as the Preece or copper 
sulphate test which determines the uniformity of zinc 
coating, and stripping tests, such as that specified by 
the American Society for Testing Materials, which 
determine the weight of zinc coating. These tests also 
may be used to determine whether samples of wire 
conform to purchase specifications on these points. 
But the fact remains that we have no laboratory or 
other accelerated tests which will surely and accur- 
ately predict the life of a fence under actual service 
conditions. 

The application of a zine coating to steel wire is 
not a simple nor an easy matter. As has been men- 
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tioned, the inherent brit- 
tleness of such a coating, 
which is in effect a zinc 
casting, precludes the use of 
a very heavy coat. As the 
wire comes from the bath of 
molten zine, it not only car- 
ries too much of the coat- 
ing metal, but the latter is 
rough and_ irregular’ in 
thickness. The traditional 
method of thinning and 
smoothing the coating is 
to pass the wire through 
“wipes” before the zinc 
solidifies. In principle this 
is sound enough, but in 
practice it has always been 
extremely difficult to keep 
the wipes from removing 
most of the zine. Even . 
worse, perhaps, is the tend- A-ZINC PLATE B-IRON PLATE 
ency of the wipes to in- C-ELECTROLYTIC SOLUTION 
crease the number, even if 


they reduce the size, of minute pores or pinholes 
through the coating. 


It should be remembered that metals, particularly 
in thinly deposited layers, seldom are completely im- 
pervious in a chemical and microscopic sense. It is 
a matter of common observation, for example, that 
ordinary nickel plating applied directly on steel is 
sufficiently pervious to admit moisture and gases 
which cause rusting. While zinc coatings are not so 
susceptible to this condition, they are however no 
exception to this propensity; it is one of the problems 
with which the fence makers must contend. 

In order for the zinc to adhere to the wire, the 
surface of the steel must be made chemically clean. 
The steel itself must have certain physical and chem- 
ical characteristics if the coating is to adhere perman- 
ently and firmly. The precise physical and chemical 
mechanism by which the zinc is bonded to the steel 
is, in my observation, unimportant as long as it is 
effective. 

It should be apparent that making a durable fence 
involves much more than merely applying an abun- 
dance of zinc. Economy in material is not the con- 
trolling reason for limiting the amount of zinc used 
on better grades of fence. Even though zinc costs 
more per pound than steel, it is by no means a pre- 
cious metal. There is a general purpose apparent 
among the makers of good fencing to use all the zinc 


that will prove economic in prolonging the life of their 
product. 


Strupies SHow THERE Is A CRITICAL 
VALUE FOR ZINC COATING 


It may be helpful to refer to findings arising from 
studies by the American Zinc Institute, as presented 
to members of the Structures Division of the American 
Society of Agricultural Engineers by G. C. Bartells. 
In these studies, which had to do with galvanized 
sheets used for roofing under rural conditions, it ap- 
peared that there is a rather well-defined minimum 
or critical value for thickness of coating. Any coat- 
ing thinner than the minimum began to rust in ab- 
normally short time, and the useful life of the sheet 
was soon ended; while amounts of zinc above the 
critical value seemed to be economically justified, in 
increasing the rust-free service life by periods con- 
siderably out of proportion to the increases in weight 
of coating. 

Specimens of long-lived sheets approaching destruc- 
tion by loss of zinc through years of weathering 
showed a faint color of rust in the zinc coating itself, 
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DROP OF ELECTROLYTIC MOISTURE 
ZINC COATING 


STEEL WIRE 


THE ARROWS AT A 
INDICATE THE 
DIRECTION OF FLOW 
OF CURRENT FROM 
ZINC TO STEEL IN 
THE MINIATURE 
VOLTAIC CELL 


BREAK IN 
ZINC COATING 


(Left) Showing the electrolytic action between zinc 

and iron in a voltaic cell. (Above) Diagrammatic 

representation of electrolytic action between zine 
and steel in zinc-coated steel wire 


seeming to indicate a plane immediately adjacent to 
the steel surface in which a certain small amount 
of iron was alloyed with the zinc. This raises the 
question as to whether such mixtures of iron with 
zinc may extend clear through coatings of less than 
critical thickness and somehow contribute to their 
early failure, or whether the premature failure of thin 
coatings should be ascribed solely to the difficulty of 
attaining consistently satisfactory imperviousness. 


There are too many differences in the composition 
and treatment of the steel and in the methods of coat- 
ing to borrow, ready made, conclusions from studies 
of galvanized sheets and apply them without verifi- 
cation to wire. Nevertheless these studies of sheets 
do give a degree of corollary support to the belief 
that uniformity and imperviousness of coating are im- 
portant factors in addition to heavy coatings in in- 
creasing the service life of wire fencing. 


These points have been thoroughly considered in 
the development of a new method of zinc coating with 
which the writer has been connected. The process 
begins with a complete control of the analysis of the 
steel in a specially manufactured wire; that is, the 
composition incorporates those elements in correct 
amounts, which give the steel the qualities essential 
for good fence. Before coating with zinc, this wire 
is given a heat-treatment by passing it through a bath 
of molten lead, held at a temperature which develops 
certain desired physical properties in the steel wire. 
There is no chemical significance in the use of lead. 
Molten lead is merely a neutral liquid of high heat 
conductivity suitable for use in bringing the wire 


quickly and uniformly to exactly the right temperature 
without severe oxidation. 

After leaving the molten zine bath which gives the 
wire its coating, the wire is “flame sealed”; that is, 
it is subjected to the action of a flame which evens 
the distribution of the coating around the wire, 
smooths the coating, and, at the same time, seals up 
any pin holes or other voids in the coating before 
the latter completely solidifies. The coated wire is 
then ready for weaving into fence. 


While the improved regulation and uniformity of 
distribution permit a greater average and, more par- 
ticularly, greater minimum thickness of coating with- 
out running into the difficulties that attend heavy coat- 
ings, it is believed that the greatest contribution to ex- 
tended life by the flame-sealing process is the relative 
impermeability which it produces. This (and also the 
use of slow-rusting steel) should so reduce the burden 
of electrolytic protection by the zinc as to decrease 
sharply the consumption of the latter and correspond- 
ingly prolong its protective action. 
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The interior walls and ceiling of this dairy stable and poultry house are provided with an insulating material 


Status of Heat Insulation Development 


By Russell E. Backstrom’ 


OMMERCIAL heat-insulating materials may be clas- 
sified roughly as follows: (1) Rigid, of which 
there are two types, structural (or insulating 

building board) and nonstructural, (2) semirigid, (3) 
flexible, (4) fill, and (5) metal foil. The present high 
plane of development in this field of materials is the 
result of years of research on the part of individuals, 
technical schools, scientific organizations, and com- 
mercial concerns. We have long recognized the need 
for building products that make warm dwellings pos- 
sible and to this end have, in years past, resorted to 
the use of sawdust, shavings, straw, and other ma- 
terials. We have not thought of these as insulating prod- 
ucts particularly, but knew that through their use 
houses were made more comfortable in winter and 
that stored ice, fruits, or vegetables were better pre- 
served in warm weather. 

Today building products made for the express pur- 
pose of insulating against heat or cold and manufac- 
tured with a predetermined capacity for retarding heat 
flow are available for every insulation requirement. It 
is possible to calculate with mathematical preciseness 
the effectiveness of such materials in saving fuel in 
heated buildings and in conserving refrigeration for 
cooled structures. The application of insulation to 
buildings heated or cooled artificially is accepted prac- 
tice. 

A description of each of the above-mentioned class- 
es of insulation is outside the scope and purpose of 
this paper. Information is available from a number of 
different sources, such as the literature of manufac- 
turers and various publications of state universities 
and the federal government. 


Commercial Standard. It is in keeping, however, 
to call attention to improvements and developments 
in connection with these materials. One important step 
forward is the adoption by that part of the industry 
manufacturing rigid structural insulation of a standard 
specification governing the physical properties of its 
products. Until a few months ago, there was no “stand- 
ard” by which to judge insulating boards, and the 
great variability in thermal properties, strength, etc., 


1Paper presented at the 27th annual meeting of the 
American Society of Agricultural Engineers held at Purdue 
University, Lafayette, Indiana, June 1933. 

“Insulation specialist, National Committee on Wood Utili- 
zation. U. S. Department of Commerce. Assoc. Mem. A.S.A.E. 


between products of different manufacture resulted in 
confusion in the minds of consumer and producer 
alike. 

To add to the disorder, many materials that resem- 
ble insulating board were called “insulating materials,” 
whereas some were too dense or too thin to have a 
high degree of insulation value. In order to define the 
material “insulating board” and to establish minimum 
values of its properties, the manufacturers sought the 
cooperation of the U. S. Bureau of Standards in estab- 
lishing a standard specification governing the physical 
characteristics of these materials. The adoption of 
such a standard in May 1932 marked a significant de- 
velopment in this field. Now the consumer knows that 
any material bearing the stamp of ‘Certified Insula- 
tion” will meet the following minimum requirements’: 
Conductivity (maximum), 0.36 Btu per hour per square 
foot per degree F per inch of thickness, when dry 
samples are tested at a mean temperature of 75 deg; 
thickness, 13/32 in; water absorption (maximum), 5 
percent by volume, when submerged under 1in of 
water for two hours; average tensile strength, 175 lb 
per square inch; deflection (maximum), 1/10in in 
span of 8in when loaded at the midpoint with 10 1b 
weight; plaster adhesion (gypsum plaster), 600 1b per 
square foot; linear expansion (maximum), '% percent 
when placed in atmosphere at 93 percent relative hu- 
midity for 24h, after being conditioned in air at 32 
per cent relative humidity. 

In addition to serving as a basis for manufacture, 
and as a guarantee to the consumer, this standard 
should serve as a yardstick to the engineer for com- 
paring the different makes of materials. Although all 
materials bearing the “certified insulation” stamp fall 
within the minimum requirements, certain makes 
naturally will excell in some of these properties. The 
different boards may be tested in accordance with the 
standard tests prescribed by the specifications and a 
comparison made of those properties which should 
dominate for the particular use in mind, whether it be 
sheathing, plaster base, or thermal insulation only. 


Metal Foil. Another new development in the field 
of insulation and one which is a radical departure 
from the commonly accepted practices, is the use of 


’From Commercial Standard CS42-33, “Fiber Insulating 
Board,” issued by the Bureau of Standards, U. S. Department 
of Commerce. 
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thin sheets of bright metal. The principles involved— 
that bright metallic surfaces are good reflectors: and 
poor emitters of radiant heat—have had practical ap- 
plication for a number of years. The vacuum bottle 
with its silvered lining and the polished metal cover- 
ing on vessels containing high-temperature fluids or 
gases are familiar examples. The possibility of using 
these same principles in connection with heat of long 
wave-length as encountered at ordinary atmospheric 
temperatures has been largely overlooked. This fact 
coupled with the lack of appreciation, generally speak- 
ing, for the rather large proportion of the heat trans- 
ferred by radiation across air spaces in wall and roof 
construction, has until recent years caused this par- 
ticular field of investigation to be neglected. We know 
now, however, that as much as 75 per cent of the heat 
movement across such spaces is by radiation and that 
bright metallic surfaces are effective in reflecting back 
to the surface from which it came, a large part of the 
heat that reaches the inside of walls. We know further 
that such surfaces are effective because they refuse to 
give off heat easily. 

Since the two properties—high reflectivity and low 
emissivity—upon which metals depend for their insul- 
ating properties are entirely surface effects, the sur- 
face of metals used for this purpose should remain 
bright more or less permanently. 


Improved Insulation. Other recent changes in the 
field of insulation have to do more with improvements 
in the already available materials. For example, board 
insulation in some instances is treated chemically to be 
resistant to decay and to termite attack; it is sometimes 
treated to be fire-resistant either by coating the fibers 
with a noncombustible material or by covering the 
surfaces of the panel with a layer of asbestos or other 
mineral material; sheets of steel cemented to the sur- 
faces have the two-fold effect of excluding moisture 
and adding strength to the unit; thin sheets of metal 
foil cemented to one or both surfaces also are effective 
in shutting out moisture, and in addition enhance the 
total insulating value of the product. 


SOME OF THE IMPROVEMENTS IN 
INSULATING MATERIALS 


A recent change in the method of covering flexible 
insulation makes a more waterproof product since the 
edges as well as surfaces are now covered with asphalt- 
coated paper. Packages of insulation with a “core” 
of flexible, fill, or rigid insulating material thoroughly 
wrapped in asphalt-coated paper, and sealed to exclude 
all moisture, are available for use where moisture con- 
ditions are extremely severe, such as cooling tanks and 
refrigerators. 

Fill insulation is now available in the form of 
“batts” two or more inches thick that may be installed 
in much the same manner as covered flexible material. 

To this list of improvements in the insulating ma- 
terials themselves should be added the greater ranges 
in sizes and thicknesses in which the different mater- 
ials are now available. Non-laminated panels of insu- 
lating board, %, 7%, 1, and 1% in thick, are on the 
market in addition to the standard %-in thickness. 
Laminated insulation made by glueing or stapling to- 
gether layers of %-in boards until any desired thick- 
ness is reached is available in special widths and 
lengths. 

At the other extreme of thickness are materials 
that cannot be classified as insulation since they are 
thinner than the minimum allowable under the com- 
mercial standard for fiber insulating board and also 
exceed the conductivity limit. They are interesting, 
nevertheless, and are closely allied to insulating boards 
since the former are made from the same fibers and 
in much the same manner as insulating boards. Such 
materials are known as “pressed boards” or “hard 
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boards.” Because the fibers are firmly compressed, 
these materials have great strength and little insula- 
tion value. They are available in thicknesses ranging 
from % to 5/16in, and are suitable for outside finish 
and many construction uses where regular insulating 
board does not qualify. 

Aside from the more or less standard lengths and 
widths, insulating board is now being sold in many 
different dimensions to meet various use requirements. 
There are units eight or more inches square, as well as 
rectangular pieces, with edges beveled for use as inte- 
rior finish in dwellings, churches, and public audi- 
toriums; also, “planks” in widths of from 4 to 12in 
and lengths of 8 ft or more with long edges beveled, 
for this same purpose. 


INSULATION FOR DWELLING HOUSES IN 
BotH NorRTH AND SOUTH 


Insulation in Dwellings. In dwelling houses, the 
use of insulation is gaining with the apparent need in 
both the North and the South for materials that give 
effective control over temperature. In the North, be- 
cause of the long heating season, insulation is particu- 
larly desirable from the standpoint of fuel saving. Es- 
pecially is this true if expensive fuels are used, and in 
fact, the practical use of the more expensive fuels is 
dependent upon how well the house is insulated. Fuel 
saving is an addition to the comfort that accompanies 
warm walls. Cold walls and windows, as shown by 
tests, are the source of much discomfort to occupants, 
due to radiation from the cold surfaces, even though 
the air be at a desirable temperature. 

The advent of air-conditioning for dwelling houses 
further emphasizes the need for insulation. At the 
present time, summer conditioning involving cooling 
is still usually more expensive than winter heating, 
hence walls that resist well the passage of heat from 
the outside to the inside are highly desirable. Further, 
the exclusion of warm air that passes by infiltration 
through the wall or around the windows and doors is 
important. These two factors—warm walls and tight 
walls—are often necessary to the successful and eco- 
nomical operation of the system. With the greater need 
for summer cooling in warm climates, the desirability 
of insulation there is obvious. 

But aside from its use in connection with air-con- 
ditioning, there is a real need for these materials in 
buildings in the South. There, walls and roofs with 
low insulating value are frequently used. High-ceilinged 
rooms and the use of shutters or awnings for windows 
aid in combatting heat in these houses, but more com- 
fortable conditions in both summer and winter could 
be obtained if walls and top floor ceiling (or roof) 
were adequately insulated. In this case, the cost of 
construction might be lessened by building rooms with 
ceilings only 8 to 9 ft high, which would represent a 
saving in both material and labor. 


New Types of Construction. No discussion on the 
use of insulation in dwellings would be complete with- 
out considering the new construction types and meth- 
ods now being offered. New ideas in building con- 
struction are being developed with a view to reducing 
costs through (1) prefabrication, thereby effecting a 
saving in labor, (2) the use of lightweight materials, 
reducing transportation and handling costs, and (3) 
the use of the right materials properly applied. 

Without going into too much detail, let us examine 
several of the new construction types. One of the 
simplest consists of framing of steel tees and channels 
with panels of steel-covered insulation inserted be- 
tween. With 14-in thick insulation panels, such a wall 
is equivalent in heat-resisting capacity to many non- 
insulated walls now in use and considered to be “fair” 
walls. A slightly more elaborate construction, but 
along the same general lines, consists of standard 
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insulating board covered outside with sheet steel and 
inside with plywood. 

Another type of steel-wall construction is frameless, 
i. e., units of sheet steel are pressed into rectangular 
corrugations, and the box-like spaces filled with a 
loose fill insulation. Outside the corrugations is placed 
a layer of insulating board protected with enameled 
metal, and inside, a layer of plaster board, papered or 
plastered. 

A modified type of wood construction consists of 
aluminum foil placed over the outside edges of the 
studding and the foil covered with insulating board 
sheathing. Insulating board is also used as inside 
sheathing. From this brief description, it may be seen 
that the natural capacities of the materials are utilized 
to the highest degree in the new construction types. 
Insulation in some form is considered one of the 
essentials. 


Farm Structures. The agricultural engineer is inter- 
ested in new ideas pertaining to construction, since 
much of his work is in the planning of buildings to 
give the maximum return on the investment. Many of 
the new methods suitable for dwellings will also be 
applicable to barns and storage houses. Usually, cost 
is an important item and in many cases it is either a 
low-cost building or no building. 

In this connection, reference is made to two reports 
that should be of particular ir.erest to structures men. 
One report is “Modern Connectors for Timber Con- 
struction’, and the other, “The Heat Conductivity of 
Wood at Climatic Temperature Differences’. The first 
mentioned report describes methods of joining wood 
members so that the joints, which usually are the weak- 
est part of a wood structure, are increased in load-bear- 
ing capacity from four to eight times that of ordinary 
bolted joints. Economies in material and labor result 
from the use of this system. 

The second report mentioned gives the results of 
four years’ work by Professor Frank B. Rowley, direc- 
tor, experimental engineering laboratories, University 
of Minnesota, in the testing of various species of wood. 
The work is a cooperative project of the University of 
Minnesota, the American Society of Heating and Ven- 


4Issued by the National Committee on Wood Utilization, 
U. S. Department of Commerce. 
‘The American Society of Heating and Ventilating Engi- 


neers Journal in Heating, Piping and Air Conditioning, June 
1933. 
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tilating Engineers, and the National Lumber Manu- 
facturer’s Association. 

The report gives the results of hundreds of tests 
on a large variety of commercial species of both hard- 
woods and softwoods and shows the conductivity at 
various moisture contents. The report has a very prac- 
tical application in the design of animal shelters and 
storage houses since it is now possible to determine 
heat-resisting capacity of walls more accurately, and 
also to select a species of lumber that will give the 
greatest possible insulation value. 

Men interested in rural electrification will also find 
this latter report valuable in the design of refrigerators 
and cooled structures. These men particularly appre- 
ciate the value of the insulating materials previously 
described where a “core” of material of high-insulation 
value is wrapped and sealed in waterproof paper. Such 
products find ready application in milk-cooling tanks, 
boxes for chilling meat, or refrigerators for the quick 
freezing of meats, fruits, or vegetables. The use of 
refrigerated truck bodies in collecting milk and perish- 
able products is increasing rapidly, and insulated 
bodies are highly important where the products are 
transported for considerable distances. 


SUMMARY 


In conclusion and briefly summarizing with regard 
to the status of insulating materials, it may be said 
that the industry is making every effort to keep abreast 
of the times through (1) the adoption of a standard 
specification fixing the minimum values of physical 
properties of the rigid structural type; (2) adopting 
new materials for use in themselves or in combination 
with others to enhance the value of the products al- 
ready available; (3) improvements in special proper- 
ties such as waterproofness, fireproofness, and resis- 
tance to decay and termites; (4) increased thickness 
of non-laminated board, and the offering of greater 
thicknesses of laminated products, both of which have 
greater practical value as structural material, and (5) 
a wider range in dimensions of boards which are in 
themselves suitable for interior finish such as the so- 
called “tile” and “plank”. New insulating materials 
and improvements in the old products are of particular 
interest to the agricultural engineer, since they help 
solve many problems in the construction of dwellings, 
animal shelters, storage houses for fruit and vegetables, 
refrigerators, and every other problem where temper- 
ature differences are involved. 


The Engineer an Individualist 


HE engineer must be an individualist; he cannot be 

otherwise and accomplish the results with which 

he is credited. He must necessarily go his own 
way, make his own decisions, fight for them if neces- 
sary, and hold to his conclusions. Unless he cares more 
for his reputation than his fee, he is false to his pro- 
fession and not worth the fee his client pays him. He 
is consequently generally underpaid and acquires 
wealth only by shrewd investments or by entering the 
business phases of engineering. Although he is an 
individualist in respect to himself, he has long recog- 
nized the value of cooperation, has generously sup- 
ported public projects, and has devoted much of: his 
time to his professional societies. Yet he believes that 
each man must stand on his own feet; he welcomes 
advice, but does not ask for help, and has little respect 
for the man who cannot help himself. 

He does not believe in panaceas and knows the 
inertia of man as well as the inertia of the steam ham- 
mer or the river flood. He knows that great expendi- 
tures offer greater inertia than small ones, and that 
just as half the cost of the structure frequently lies in 
the foundation out of sight below ground, so any great 


project must have its period of slow progress for plan- 
ning and foundation, if trouble and delay are to be 
avoided..... 

The engineer has been trained to reason from facts 
to a sound conclusion, and because of his impatience 
with the lack of such reasoning, he has been forced 
to add business and the social sciences to his studies. 
It is he who initiated and is leading in the development 
of the science of industrial management. Just as his 
machine has been misused, so this budding science has 
been seized upon as a means of quick profits rather 
than a basis for sound planning for an equitable divi- 
sion between the employer and the employed...... 
The engineer has proved himself a sound analyst of 
business methods and has put the scientific method 
into management; possibly he must assume the respon- 
sibility of making order out of the present chaos in 
the study of economics. He must at least recognize his 
responsibility to industry and civilization and realize 
that if new jobs are needed, he must create them; but 
he cannot create jobs if he does not know how to make 
one for himself—W. A. Shoudy in “Mechanical Engi- 
neering” for December 1933. 
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AGRICULTURAL ENGINEERING 


A Review of Progress in Farm Sanitation 
By R. W. Trullinger’ 


HE work in rural sanitation as conducted by the 

U. S. Department of Agriculture, the state agricul- 

tural experiment stations, and the state agricultural 
extension services, has been actively in progress for 
about 25 years and has been both investigational and 
educational in character. The problem is essentially 
one of individual farm sanitation as distinguished from 
rural community sanitation in the sense usually con- 
sidered by state and federal health agencies. The 
main purpose has been to combine convenience, com- 
fort, economy, effectiveness, and safety in water sup- 
ply, sewage disposal, and heating and _ ventilating 
systems, and to insure cleanliness and safety from 


disease transmission in the production of animal food 
commodities. 


The general problem is complicated frequently, for 
example, by the necessity for the disposal of dairy 
wastes, especially in the more distinctly dairy-farming 
regions such as occur in wide areas of Wisconsin. 
In recent years, also, the problem of the relation of 
ventilation and heat and humidity control in dairy 
cow and poultry shelters to the quality of poultry and 
dairy products, and the incidence and spread of dis- 
eases among such stock which may be transmitted to 
man, either directly or through their food products, 
has assumed considerable importance. 

Perhaps the most difficult feature of the farm sani- 
tation problem is the fact that in most cases it involves 
the development of small individual units of equip- 
ment and individual processes to meet widely varying 
conditions on different farms and in different localities. 


A study was begun by the U.S.D.A. Office of Experi- 
ment Stations of the general situation in 1912 and 
much of the earlier work was found to be based upon 
a rather speculative scientific foundation. There was 
a great demand at that time for authentic information, 
for example, on how to secure clean water on the farm 
and on how to dispose of farm sewage and wastes in 
a safe and sanitary manner. Quite a number of engi- 
neers, trained in the accepted theories and principles 
of water supply and sewage disposal, attempted to 
adapt to farm conditions sanitary principles which 
were developed primarily to meet municipal or at 
least large community needs. Their efforts were at- 
tended with rather indifferent success in most cases, 
as one would expect, especially with reference to 
sewage disposal. 

Unfortunately the demand for information was so 
great that much of this early immature work was 
published and put into the hands of extension workers. 
{In fact, if I remember correctly, I myself was the 
author of one or two official publications relating to 
various and sundry features of farm sanitation which 
were published about 1913 or 1914 and which ad- 
vanced certain findings and principles which later 
experience proved to be somewhat immature. 

Another factor retarding progress in the work was 
the tendency of engineers to overlook the importance 
of chemistry and bacteriology in much of the work. 
For example, in sewage disposal the problem was to 
liquefy the waste so that it could be disposed of 
finally at minimum expense and trouble by application 
to the land either by surface flooding or by subsurface 
absorption through loose-jointed tile. Subsequent ex- 
perience demonstrated the importance of considering 


1Assistant in experiment station administration, senior 
agricultural engineer, Office of Experiment Stations, U. S. 
Department of Agriculture. Mem. A.S.A.E. 


fully the bacteriological principles in both liquefaction 
and final disposal, particularly in view of the widely 
variable character of soils with reference to absorptive 
and oxidizing capacities. For example, it was found 
in some semi-arid regions that oxidation of liquid 
sewage in soils proceeded in an entirely different man- 
ner than in humid regions. The handling of water 
supply problems in order to secure clean water for 
domestic use and for use in dairies under a wide vari- 
ety of farm conditions also called for considerable 
modification of our point of view. 


In more recent years some of the state agricultural 
experiment stations have joined forces with the state 
boards of health and state water commissions in the 
study of water supply and sewage disposal problems, 
with the state dairy commissions in the study of clean 
milk production, and with state livestock sanitary 
boards in the production of clean meat and poultry 
products. ._These undertakings have brought together 
the efforts of agricultural engineers, sanitary chemists 
and bacteriologists, and commodity specialists, and 
have resulted in the formulation of quite a number of 
principles and practices covering a wide scope of 
conditions and which have materially improved the 
sanitary conditions of farms and farm commodity 
production practices in general. 


For example, the Kansas agricultural experiment 
station made quite a thorough study of the average 
daily and monthly volume of sewage flow on typical 
farms of various sizes and descriptions, and followed 
this by a study of the character of the sewage and its 
purification requirements. The work at the Illinois 
station dealt especially with the establishment of the 
principles of small-scale liquefaction of sewage as an 
important feature in its disposal. Other stations have 
studied other specific features of rural sanitation in 
the same manner, until a rather substantial background 
of information is now available which has the aspects 
of authenticity. 


Much of this body of information has been pub- 
lished from time to time, and that part of it adapted 
to popular consumption has been made available for 
use by extension workers. Notable examples of exten- 
sion work are those being carried on by the extension 
services of Pennsylvania State College and Cornell 
University. 


Following this article is a selected bibliography of 
publications issued the past ten years which will give 
a cross-sectional view of the character and quality of 
both the research and extension work in the subject. 
This list is not complete, but is representative of the 
better work in progress. 


Much remains to be done in farm sanitation, parti- 
cularly in the research features. The securing of clean 
water is developing new and important aspects daily. 
Notable among these is the discovery a few years ago 
at the Arizona station of the action of fluorine com- 
pounds in water in the destruction of human teeth. 
The so-called alkali disease of animals, poultry, and 
humans in some of the middle northwestern states is 
being traced to certain selenium compounds in soils 
and water which are synthesized by plant metabolism 
processes into highly poisonous materials. 


The extension field also needs broadening and 
strengthening, but the research to supply extension 
workers with authentic data and information seems 
most important at this time, even though much labor 
could be employed in the widespread installation of 
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such equipment as the Kentucky sanitary privy or 
tue Pennsylvania sewage disposal system. 


PUBLICATIONS ON RURAL SANITATION 


Water supply and sewage disposal 


The design and construction of masonry water suppiy tanks. H. Giese 
and J. 8. wvavidson. Iowa Sta. Bul. 302 (193%). 

S.udies of bacterium coli in privately owned rural water supplies. 
m. L. rrance. Jour. Bact. Zod (19383) No. 6, pp. 625-630. Contribu- 
tion from Massachusetts Experiment Station. 

Stream poliution by irrigation residues. C. S. Scofield. Industrial and 
Engin. Chemistry, 24 (1932), .No. 11, pp. 1224-1224. Contrioution 
troin U.S.U.A. bureau of Friant Industry. 

A comparison of the pollution and natural purification of the Con- 
necuicut and Weiaware Kivers and the Brandywine Creex. LL. RK. 
setter. New Jersey sta. bul. 545 (1932). 

Soft water tor the home. A. M. buswell and E. W. Leamann. Iili- 
nois Sta. Circ. 393 (1932). 

Water survey of ‘’'exas County, Oklahoma. H. W. Houghton. Okla- 
noma rannandie sta. Bul. 20 (1930). 

A system for the bacteriological examination of water. A. J. Salle. 
Jour. pact. 20 (1¥sU), INO. 6, Pp. 381-406. Contribution trom Cali- 
fornia mxperiment Station. 

Pure water is essential to health, W. L. Malimann. Michigan Sta. 
Quart. Bul. 12 (1930) No. 4, pp. 134-138. 

Turn on the water. F. W. Duttee and J. P. Schaenzer. Wisconsin 
Agr. Coliege Extension Circ. 229 (1929). 

The inscaliation of farm water systems. J. P. Schaenzer and F. W. 
Duttee. Agr. Engineering 10 (1y29), No. 11, pp. 361-363. Contri- 
bution from Wisconsin xperiment Station. 

Modern waier puritication methods for the dairy. M. F. Corin and 
k. S. Hopkins. Agricultural Kngineering 11 (1930), pp. 19-22. 
A.S.A.E. contribution at National Dairy Industries Exposition at 
‘roronto, 1929. 

Water carried for household purposes on Nebraska farms. M. R. 
Clark and G. Gray. Nebraska sta. Bul. 234 (lyzy). 

Mottied enamei in Arizona and its correlation witn tae concentration 
of ttuorides in waver suppiies. H. V. and M. C. Smitn. Arizona 
Sta. Vechnical Bul. 43 (1932). 

Reiation of the method of watering dairy cows to their water con- 
sumption and milk production. T. E. Woodward and J. B. McNulty. 
U. S. Dept. Agr. ‘lech. bul. 278 (1931). 

The cause of mottied enamei, a defect of human teeth. M. C. Smith, 
‘&. M. Lantz, and H. Vv. Smitn. Arizona Sta. ‘lech. Bul. 32 (1y31). 

Water systems for farm homes. F. D. Cornell. West Virginia Sta. 
Cire. 44 (1927). 

Running water in the farm home. M. R. Lewis. Idaho Agr. College 
ext. Bul. 66 (1926). 

Water and sewerage systems for Florida rural homes. F. Rogers. 
Fiorida University Agr. txtension Bul. 46 (1926). 

Water suppiy and sewage disposal systems. I. D. Wood. Nebraska 
Agr. Couege Extension Circ. 723 (1926). 

The tarm water supply. Part II, ‘he use of the hydraulic ram. F. G. 
Behrends. New York Agr. College (Cornell) Extension Bul. 145 
(1926). 

Farm water supply and sewage disposal in West Virginia. F. D. 
Cornell. West Virginia Sta. sul. 206 (1926). 

A septic tank. E. R. Gross. New Jersey Agr. College Extension Bul. 
52 (1926). 

Character of the ground water resources of Arizona. C. N. Catlin. 
Arizona Sta. Bul. 114 (1926). 

A study of factors affecting the efficiency and design of farm septic 
tanks. E. W. Lehmann, R. C. Kelleher, and A. M. Busweil. Illi- 
nois Sta. Bul. 304 (1928). 

Septic tanks for farm sewage disposal. F. L. Cooper. Colorado Agr. 
College Extension Bul. 247-A (1926). 

Waterworks for Texas farm homes. M. R. Bentley. Texas Agr. Col- 
lege Extension Bul. 67 (1926). 

Observations on the Michigan septic tank. O. E. Robey. Michigan 
Sta. Quart. Bul. 9 (1926), No.1, p. 22. 

Farmstead water supply. G. M. Warren. U. S. Dept. Agr. Farmers’ 
Bul. 1448 (1925). 

Water and plumbing systems for farm homes. E. W. Lehmann and 
F. P. Hanson. Illinois Sta. Circe. 303 (1925). 

Farm water works and sewage systems. T. B. Chambers and M. L. 
Nichols. Alabama Polytechnic Institute Extension Circ. 80 (1925). 

Aeration studies on creamery waste purification. M. Levine, L. Lop- 
peland, and G. W. Burke. Iowa Engin. Expt. Sta. Bul. 68 (1923). 

Sewerage systems for farm homes. N. S. Fish, E. G. Hastings, and 
F. R. King. Wisconsin Agr. College Extension Circ. 173 (1924). 

Investigations of farm sewage disposal systems. R. H. Driftmier. 
Agricultural Engineering 5 (1924), No. 10, pp. 232, 233. Contribu- 
tion from Kansas Expt. Station. 

Simple water systems. O. E. Robey. Michigan Sta. Circ. 64 (1924). 

Electrical house pumping systems. G. C. Blalock and D. D. Ewing. 
Purdue Univ. Engin. Extension Service Bul. 4 (1923). 

A farm septic tank. W. B. Herms and H. L. Belton. California Sta. 
Cire. 270 (1923). 

The septic tank. E. R. Gross. New Jersey Stas. Circ. 267 (1933). 

Proper size of septic tank insures good service. Illinois Sta. Rpt. 
1932, pp. 177, 178. 

Disposal studies for milk products waste. E. F. Eldridge. Engin. 
News-Record 106 (1931), No. 13, pp. 520, 521. Contribution from 
Michigan Engin. Expt. Sta. 

Water supplies and sewage disposal. New Jersey Stas. Rpt. 1930, pp. 

Sewage disposal for rural dwellings. Ohio Agr. College Extension 
Bul. 112 (1930). 

Milk products waste treatment. Rept. No. 3. E. F. Eldridge. Mich- 
igan Engin. Expt. Sta. Bul. 36 (1931). 

1. Influence of diluting water on the biochemical oxygen demand. 

II. Digestion of sludge from strawboard waste. E. F. Eldridge and 
W. L. Mailman. Michigan Engin. Expt. Sta. Bul. 39 (1931. 

Sewage disposal for North Dakota farm homes. C. L. Hamilton. 
North Dakota Agr. College Extension Circ. 103 (1931). 

A field study of farm septic tanks. California Sta. Rpt. 1931, p. 50. 


345 


Action of enzymes on sewage solids. N. S. Chamberlin. New Jersey 
Stas. (1930). 

Studies of the septic tank method of sewage disposal for isolated 
homes. H. B. Walker and R. H. Driftmier. Agricultural Engineer- 
ing 10 (1929), Nos. 8, pp. 256-258; 9, pp. 300-302. Contribution 
from Kansas Experiment Station. 

Sludge accumulation in three isolated septic tanks. E. W. Lehmann. 
Illinois Sta. Rpt. 1929, pp. 108, 189-208. 

Disposal of farm sewage. G. O. Hill. Purdue Agr. Extension Bul. 
165 (1929). 

Sewage disposal for the farm home. R. C. Kelleher and E. W. Leh- 
mann. Illinois Sta. Cir. 336 (1929). 


Sanitation in poultry and livestock shelters and its effect on their 


products 


Air requirements of poultry. Iowa Sta. Rpt. 1928, pp. 24-26. 
Ventilation of poultry houses. South Dakota Sta. Rpt. 1929, pp. 10, 28. 
Mechanical ventiiation for dairy barns. Iowa Sta. Rpt. 1930, pp. 9-11. 

Natural draft dairy stable ventilation, H. W. Riley. Agricultural 
Engineering, 10 (1929), No. 4, pp. 125-127. Contribution from New 
York (Cornell) Experiment Station. 

Effect of artificial heat and insulation upon temperature, relative 
humidity, and air movements in poultry houses. Indiana Station 
Report, 1928, pp. 25-28. 

Relation of temperature to poultry house design. California Sta. Rpt. 
1929, pp. 48-51. 

Barn ventilating investigations. New York (Cornell) Sta. Rpt. 1929, 
pp. 64, 65. 

Air requirements for poultry. Iowa Sta. Rpt. 1929, pp. 25, 26, 31, 32. 

Ventilation of poultry houses for laying and breeding hens. J. C. 
Huttar, F. L. Fairbanks, and H. E. Botsford. New York (Corneli) 
Sta. Bul. 558 (1933). 

Barn ventilation with electric fans. A. W. Clyde. Agricultural Engi- 
neering, 12 (1931), No. 1, pp. ¥y-14. Contribution from Iowa Experi- 
ment Station. 

Ventilation of the Cornell open front poultry house. F. L. Fairbanks 
and H. E. Botsford. New York Agr. Coliege (Cornell) Exteision 
Bul. 197 (1930). 

Ventilation of farm barns. M.A.R. Kelley. U. S. Dept. Agr. Tech- 
nical Bul. 187 (1930). 

Ventilation requirements for poultry laying houses. New Jersey Stas. 
Report, 1931, p. 14. 

Dairy stable ventilation. F. L. Fairbanks and A. M. Goodman. New 
York (Cornell) Sta. Rpt. 1932, pp. 89, 90. 

Electric dairy stable ventilation. F. L. Fairbanks. Agricultural 
Engineering, 12 (1931), No. 12, pp. 433-445. Contribution trom New 
York (Cornell) Experiment Station. 

Study of temperature and humidity in poultry houses. Indiana Sta. 
Rpt. 1932, p. 14. 

A study of temperatures in dairy stables. M.A.R. Kelley. Agricul- 
tural Engineering, 14 (1933), No. 2, pp. 47-49. Contribution from 
U.S.D.A. Bureau of Agricultural Engineering. 


Engineering features of sanitary milk production other than animal 
health 


Water cooling of milk and cream. Arkansas Sta. Bul. 280 (1932), 
p. 35. 

Cream refrigeration on the farm and the quality of butter manu- 
factured. F. E. Price, C. J. Hurd, and G. H. Wilster. Oregon Sta. 
Bul. 305 (1932). 

Milk cooling equipment. New York (Cornell) Sta. Rpt. 1932, p. 90. 

A study of methods of cleaning milking machines. E. H. Parfitt. 
Indiana Sta. Bul. 348 (1931). 

Cooling of milk. Idaho Sta. Bul. 179 (1931), p. 28. 

Dairy equipment sterilization. R. L. Perry. California Sta. Rpt. 
1930, pp. 47-49. 

A study of methods used in washing and sterilizing of milking ma- 
chines and their comparative value. Indiana Sta. Rpt. 1930, pp. 
30-34. 

Preliminary studies of churn sanitation. H. B. Morrison, H. Macy, 
and W. B. Combs. Jour. Dairy Science, 14 (1931). Contribution 
from Minnesota Experiment Station. 

Cooling milk on Nebraska farms. P. A. Downs and E. B. Lewis. 
Nebraska Sta. Bul. 266 (1932), p. 31. 

Milk cooling on California dairy farms. B. D. Moses and J. R. Tav- 
ernetti. California Sta. Bul. 495 (1930). 

Cooling as a factor in sanitary milk production, A. C. Dahlberg. 
Agricultural Engineering, 11 (1930), No. 12, pp. 409-412. Contribu- 
tion from New York (Geneva) Experiment Station. 

The production of high quality milk. I. Cooling—the electric brine 
cooler with cold air storage versus ice and water. H. B. Ellenber- 
ger. Vermont Sta. Bul. 300 (1929). 

The application of steam for heating and sterilizing dairy equipment. 
A. W. Farrall. Jour. Dairy Science 12 (1929), No. 2, pp. 95-113. 
Contribution from California Experiment Station. 

Cream and milk refrigeration experiments, F. E. Price. Agricultural 
Engineering, 11 (1930), No. 1, pp. 33-37. Contribution from Oregon 
Experiment Station. 

Sterilization of dairy farm utensils with dry heat. A. C. Dahlberg 
and J. C. Marquardt. New York State Sta. Bul. 612 (1932). 

Sterilization of dairy utensils with humidified hot air. A. W. Farrall 
and W. M. Regan. California Sta. Bul. 468 (1929). 

The continuous can washer for dairy plants. A. W. Farrall. Cali- 
fornia Sta. Bul. 466 (1929). 


RESEARCH IN RURAL SANITATION 
ACTIVE AT STATE AGRICULTURAL EXPERIMENT STATIONS 


Water supply 
Farm water systems (Colorado) 
Investigation of hydraulic rams (Minnesota) 
Stream pollution (New Jersey) 
Water supplies (New Jersey) 


Sewage disposal 


Rural sanitation (California) 
Sewage disposal for farm and isolated homes (Illinois) 
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ee Treatment of milk product wastes. Studies of sanitary disposal 
including use of biological filters, aeration, and the like (Michigan) 

es ; Farm sewage disposal (Minnesota) 

ate ca. Sewage disposal (Montana) 

Biology of sewage disposal (New Jersey) 


Ventilation 


A study of ventilation and lighting of dairy barns (Idaho) 
Mechanical ventilation for dairy barns. Deals especially with fan 
systems (Iowa) 
Farm building ventilation (Minnesota) 
Heating and ventilating of homes (Minnesota) 

a; Effect of temperature and humidity on milk production of dairy cows 

if (New Jersey) 

Ventilation requirements for poultry laying houses (New Jersey) 

Ventilation. Outtake flue construction (New York Cornell) 

Proper standards of ventilation (New York Cornell) 

Poultry house ventilation (New York Cornell) 

Investigations on the relation of stable air conditions to milk pro- 
duction. Includes studies of the effect of sudden changes in stable 
temperature on the production of milk and fat by dairy cows and 
the optimum stable air conditions for maximum production consis- 
tent with the health and comfort of the animal (Wisconsin) 

Temperature control of poultry houses and relation to health and pro- 
ductiveness of laying hens (California) 

How to protect poultry from cold. Includes study of housing (Wy- 
oming) 

Poultry housing, insulation, ventilation, and artificial heating studies 
(Indiana) 

Air requirements of poultry. Studies to determine basic requirements 
of poultry house design (Iowa) 

mir Poultry house ventilation and construction. Studying effect of insula- 
ag Ne tion, closing at night during winter, artificial heating, commercial 

Rae thy! ventilators, and exhaust fans on eg production (Nebraska) 
ite iy Dairy refrigeration (California) (See below) 

te Artificial heat in poultry houses. Includes studies of hot water and 
pe =: electric heat (Michigan) 


AGRICULTURAL ENGINEERING 


Electric dairy equipment 


Dairy refrigeration (California) 


A study of the cost of cooling milk by electrical refrigeration on 
farms. Includes experiments with cooling tanks of wet storage 
type (Connecticut) 

Milk cooling with electric refrigerators (Indiana) 

The value of mechanical refrigeration on the dairy farm (Indiana) 

Sterilization of milk by electric processes (Maryland) 

Electric dairy utensil sterilizers (Maryland) 


The comparative efficiency of electrically operated tanks versus ice in 
the cooling of milk (Massachusetts) 


Dairy and creamery sanitation in relation to products. Includes 
studies of effect of electricity on milk (Michigan) 


Milk treatment with electricity (Michigan) 
Electric refrigeration for farm dairies (Missouri) 


Precooling of milk. To determine (1) quantities and temperatures 
of water, brine, or both required to be circulated per gallon of 
milk for cooling, (2) power and labor costs and machine require- 
ments for greatest efficiency, (3) limits of use of improved methods 
of precooling by farm water supplies, and (4) the availability of 
electric equipment (New Hampshire) 

Dairy refrigeration studies. Comparison of ice with mechanical refrig- 
eration (North Carolina) 

A comparison of different methods of cooling milk and cream from 
the standpoint of the quality and bacterial count of the products 
(Oregon) 

A study of electrically heated milk utensil sterilizers (Pennsylvania) 

Electrical refrigeration requirements for Pennsylvania dairy farms 
(Pennsylvania) 

Irradiation of cow's udders and flanks, and of feeds, with ultra-violet 
light. Effect on production of milk, butterfat, and total solids 
(Washington) 

Electricity on the dairy farm (Washington) 

Water heating for dairy cows (Washington) 


A Strong Gothic Roof Construction 
By L. J. Smith’ 


EVERAL inquiries have come to me in regard to a 

stronger type of gothic roof construction, which 

would indicate that the common practice is not 
altogether satisfactory. Some of the gothic roofs are 
spreading at the plate line along the center of the 
side walls. 

The accompanying sketch is an attempt to strength- 
en this type of roof. The first departure from the com- 
mon practice that will be noted, is that there is no 
plate. The rafters are made up of two-by-ten or two- 
by-twelve pieces 10 ft long. The lower end of the first 
piece rests directly and firmly upon the end of the 
two-by-ten joist where it is spiked to the studding, 
which is in this case a two-by-eight for a barn 40 ft 
wide. The upper ends of the studding above the loft 
floor line are curved the same radius as the roof, two- 
thirds the width of the building. 

The rafter is built up on the loft floor, and is then 
swung into position with the lower piece “a” resting 
against the upper half of the stud “‘b”. The holes in the 
studding are bored for the bolts and after the bent 
is in place, the holes in “a” are bored, and four 3%-in 
bolts are screwed tightly in place with ample washers. 

This construction carries the side stresses of the 
roof clear down to where the sill is firmly bolted to the 
concrete foundation. A short two-by-six diagonal brace 
-every six feet bolted to the floor joist, helps strengthen 
the job. The detail shows the two-by-six lookout and 
cornice finish. The two-by-six horizontal piece is 
bolted to the two-by-six brace. There will be a slight 
curve to the side wall just under the eves, but it will 
scarcely be noticed. 


‘Professor of agricultural engineering, State College of 
Washington. Mem. A.S.A.E. 


At the right is shown in detail the improvement in 
Gothic roof construction designed by L. J. Smith 


It is believed that this new type of construction 


will add greatly to the strength and durability of the 
gothic roof, which many prefer because of its large 
loft space. 
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A Study of Dairy Corral Surfacings 


By J. D. Long* 


N THE work at the California Agricultural Experiment 
Station with the state dairy inspectors’ association, 
interest has been aroused in the hard surfacing of 

dairy corrals and lanes. Graveling these areas has been 
a standard practice in many of the interior valley areas, 
but even heavy applications were found to have a short 
life under ordinary drainage conditions. 

Hard surfacing appears to present definite sanitary 
advantages in escaping the muddy corral hazard, in 
requiring less washing before milking, and in keeping 
a cleaner barn. Also, there is the health of the animals 
to consider. No one who has visited some of the valley 
dairies during the rainy season and viewed the mucky 
morass into which the animals sink up to their bodies, 
can escape the belief that here lie excellent conditions 
for the dissemination of disease through the herd. 
Hillside dairies with good drainage have less severe 
conditions, but even here a limited area of hard sur- 
facing in corrals and lanes appears feasible. The pos- 
sible saving of manure value, it must be admitted, does 
not appear a factor of much interest to the California 
dairyman. 

The California College of Agriculture series of stand- 
ard dairy building plans is centered about a milking 
barn which is used only at milking periods. Between 
times the animals are te be sheltered and fed roughages 
in an adjacent structure. This usually consists of open 
sheds around a central hay storage, or with hay stor- 
age close by, similar to the “covered barnyards” of the 
eastern states. Surfacing is recommended for the lane 
leading to the milking barn and for small corrals along 
the open sheds to be used during inclement weather. 
The corral area is more or less arbitrarily set at 50 to 
75 sq ft per cow, in addition to the 40 sq ft under the 
shed. 

Three types of materials have been used for surfac- 
ings—wood, portland cement concrete, and asphaltic 
mixes of various kinds. 

Wood Plank. The wood plank corrals have been 
used mostly in the north coast counties—the center of 
the redwood lumber industry, and an area with high 
annual precipitation, reaching 100in in one county. 
The corrals are raised 1 to 6 ft above the ground and 
are used on dairies in the marshy valley bottoms, and 
on hillsides as well. For these local conditions they 
appear a very successful solution of the problem. 

A few plank corrals have been laid in the interior 
valleys. Those laid on the surface of the ground, espe- 
cially if the planks are not fastened to sleepers, have 
proved of doubtful sanitary value because of the filth 
accumulating beneath the planks and oozing up through 
the cracks. No serviceable life data is yet available for 
these structures. 

Portland Cement Concrete. Portland cement con- 
rete has been given a general recommendation for a 
number of years on the theory that “mixing a little 
cement with the gravel layer is more economical than 
hauling in gravel year after year.” The California sta- 
tion standard specification calls for a 4-in slab of 61% :1 
water-cement ratio. This is probably overdesigned, 
since slabs 2% in thick and of leaner mixes appear to 
be durable under ordinary manure and hay wagon 
loads. Attention to securing a well-compacted sub- 


1Paper presented at a session of the Structures Division 
of the American Society of Agricultural Engineers during the 


27th annual meeting of the Society held at Purdue University 
Lafayette, Indiana, June 1933. 


7Assistant professor of agricultural engineering, Univer- 
sity of California. Mem. A.S.A.E. 


grade, definite drainage slopes, and satisfactory disposal 
of surface drainage is essential. 

Attention has been attracted recently to the possi- 
bility of economies in using a cement-bound macadam 
of large aggregate, similar to the old “Hassam” type 
road surfacings which have been resurrected to popular 
favor for secondary roads during the past two years. 
Using 1 to 1% in rock in slabs twice that thickness and 
compacting with a 300-lb hand roller would appear to 
make concrete work with hand equipment feasible and 
economical. This method is deserving of tests. 

Asphaltic Surfacings. Interest was early aroused in 
asphaltic surfacings because of possible advantages over 
portland cement concrete, that is, greater resilience, a 
lower heat conduction rate, and the lower cost of cer- 
tain types. These advantages have not been definitely 
proved, but are believed in general to be true. 

Asphaltic road oils premixed with aggregate or 
sprayed on a well-graveled surface have not been con- 
sidered as deserving of trial for the character of traffic 
experienced in corrals. They serve admirably under 
rolling road traffic, but appear to disintegrate under 
“punching.” It might be mentioned here that corral and 
shed surfacing does not have loads concentrated as they 
are in the milking barn. Experiments in the latter 
structure with asphaltic concrete over a worn portland 
cement concrete bore out the results secured some years 
ago at the Iowa station—the asphalt layer failed by 
flowing out from under the feet of the animals, parti- 
cularly along the manger curb. 

Asphalt pavement contractors interviewed relative 
to corral surfacings have expressed the view that hot- 
asphalt-bound macadam would prove satisfactory for 
corral service if the proper grade of asphalt were used 
—E grade, 90-point penetration being suggested. This 
method could be readily handled by hand labor, the 
only special equipment needed being a 300-lb hand 
roller, a heating kettle, and hand-pouring pots or pres- 
sure sprayer. 

The contractors were more favorable to a 4-in as- 
phaltic concrete laid hot as on roadways. This they 
guaranteed to be satisfactory. The cost range was not 
unfavorable, about 12 cents per square foot, but it was 
limited to use within a short trucking radius of the 
central plant. 

Our experimental work to date has been limited to 
the use of asphaltic emulsions and cut-back asphaltic 
concretes. 

Asphaltic Emulsions. Bituminous-aqueous emul- 
sions were first tried for corral surfacing at the Cali- 
fornia station in 1926. A product known commercially 
as “Lay-Kold,” which was reported to have a clay as 
the “protective colloid,” was used. The material was 
dipped from the barrels and mixed with creek-run 
gravel in a concrete mixer. It was spread along a feed 
rack under an open shed in a 2-in thickness, and in 
spite of poor workmanship, due to the antagonism of 
the laborers, the main part of the surfacing has stood 
successfully under light usage. A failure occurred in 
six years use in one area, a shallow gutter in which 
liquid manure accumulated. 

Similar asphaltic emulsions are now being advo- 
cated for cold penetration macadams on secondary 
highways, and would seem to be suitable by this meth- 
od for corrals. They have the advantage of being hand- 
tool, low-cost applications. 

“Cut-Back” Asphaltic Concrete. “Cut-back” as- 
phalts are composed of a base of great adhesiveness 
combined with a suitable proportion of volatile in- 
gredients (kerosene or distillates), intended to evap- 
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orate within a short time after the binder is applied. 
The material tried in this test was mixed hot at the 
plant, trucked approximately 65 miles, and piled on 
the ground for a maximum of three days before being 
used. A resume of the project follows: 

1 Subgrade leveled Monday, Tuesday, and Wednesday 
morning. 2200 sq ft, 4% man-days labor. 

2 Material trucked in Monday and Tuesday. 


3 The material was spread 2% in thick and rolled twice 
Wednesday afternoon, using a 3-ton tandem gas roller. The 
slab compacted to about 2in. The interior of the stock pile 
was found warm and friable; the outer edges had solidified 
but could be broken apart. After spreading in place, the ma- 
terial turned grayish as the solvent evaporated. The first 
rolling was given’‘one to two hours after spreading, water 
being used on the rollers to keep the material from picking 
up. The second rolling was given an hour after the first. 


4 On Thursday morning the entire area was given a 
“dust coat” of % in to dust cut-back asphalt mix and rolled 
immediately. The edges were painted with asphalt-aqueous 
emulsion and built up with screenings. Cows were turned 
onto the slab Thursday afternoon. 


5. Moving the material from the stock pile and spread- 
ing required 4% man-days, hand tamping around obstructions 
and finishing the edges % man-day, and rolling about 1 
man-day net. 


Subgrade Specifications. Manure and loose mater- 
ials were cleaned out to a firm, graveled base. Holes 
were filled with clay and rock tamped in place, and 
the entire base rolled, then covered with rock screen- 
ings (% in to dust) laid % to “%in thick and rolled 
again. 

Cut-back asphaltic concrete, closed base, mixed at 
180 deg F. 

Asphalt—85 lb of 95+ percent, 80-penetration 
asphalt to the 150 lb batch. Twenty per 
cent of kerosene ‘“cut-back” solvent 
used. 


Aggregate—45 per cent—% to 1 in maximum size 
15 per cent—% to % in 
40 per cent—dust to &% in. 


Cost 


One ton of material, covering 80 sq ft compacted to 
2-in thickness, was quoted at $4.25 delivered. The 
manufacturer offered a contract figure of 7 cents per 
square foot for a similar 2-in pavement laid over a firm 
subbase prepared by the owner. 
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RESULTS 


The first few days of use the surface showed slight 
hoof cutting and wagon-wheel marks. At the end of 
the first year an area of about one square yard cracked 
in such a way as to indicate a subgrade failure due to 
moisture. The remainder of the surface was in very 
good condition. This condition has been maintained 
during the second year. Some unevenness of surface 
has developed due to the traffic of the animals, and 
occasional hoof marks are apparent. One small section 
along the manger in a part subjected to very light use 
showed signs of incipient failure along the front hoof 
line in the first two weeks, but has not developed 
noticeably since. Areas adjacent to the watering cups 
and water trough are sound. 

As a result of the success of this trial during its first 
three months, a local dairyman contracted on a 90-day, 
deferred-payment basis for approximately 12,000 sq ft 
of surfacing. The contractor changed the specifications 
as follows: 


Subgrade—Two inches of road rock (60 percent rock dust, 
40 percent rock to % in), water and roll. 

Base course—One and one-half inch layer (151b per sq ft) 
open-type asphaltic concrete, with aggregate ranging 
from % to lin, and 1.9 percent by weight of E grade 
cut back asphalt. Roll. 

Finish course—One-eighth inch layer of fines coated with 
cut-back, E grade asphalt. Roll. 

Seal coat—Pressure spray coat, 4% to %gal per sqyd of 
emulsified asphalt coated immediately with 121b per 
sq yd of % to % in crushed rock screenings. Roll. 
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The pavement was cured for two weeks before being 
used by animals but had definitely failed within 10 days 
thereafter. An examination six months later showed 
that the asphalt layer measured but 1%4-in thick and 
was consolidated for but half its depth. The rock fill 
subgrade appeared loose and yielding. Large holes, 6 
and 8ft in diameter, had been punched through the 
surfacing and 6-in into the subgrade, and the remainder 
of the surface was very uneven. 


SUMMARY 


1. Hard-surfaced dairy corrals deserve considera- 
tion from the standpoint of sanitation, disease control, 
reduced cleaning labor, and manure saving. 

An area of 50 to 75 sq ft of surfaced corral per 
animal is recommended. 

3. Wood plank is particularly adapted for hillside 
construction. 

4. Portland cement concrete surfacings properly 
designed and laid are generally considered successful. 
Possible economies may result from the use of cement 
mortar macadam, of the “Hassam” pavement type. 

5. Asphaltic surfacings may possess advantages of 
a lower heat conductivity rate, greater resilience, and 
lower cost. Certain types seem especially well adapted 
to the economical use of farm labor and hand tools. A 
safe design for all types has not yet been determined. 

6. Due to the ductility of certain types of asphaltic 
surfacings it is recommended that when they are used 
portland cement concrete slabs be laid in areas sub- 
jected to concentrated traffic, as along mangers and in 
doorways. 

7. A firm base protected from underseepage is im- 
portant to portland cement and asphaltic concrete slabs, 
and thermal expansion joints necessary for the former. 

8. Positive surface drainage is essential to the suc- 
cess of any surfacing. 
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Still Opportunity for Engineers 


HE engineer has been a highly important member 

of the community even before the records of writ- 

ten history. His was the inquiring mind that turned 
his discoveries into practical appliances for the com- 
mon good. He investigated fire and learned to kindle 
it; he studied the rolling log and invented the wheel; 
he studied metallurgy and produced the iron age; he 
brought potable water to the villages and made them 
cities; his studies in statics made possible palaces and 
cathedrals. Watt’s steam engine restored England’s 
coal resources; and our steamships and railways opened 
up this country to development. Threats of depressions 
have given way to new industries developed by the 
engineer; and in this country’s history, recovery from 
depression periods have always been accompanied by 
new industries whose developments were begun by the 
engineer before depression began. Even today we find 
startling developments in railroads and street railways 
that threaten to revolutionize transportation on land. 
Probably 50 per cent of our factories have out-of-date 
equipment, and many processes have been completely 
altered. Is it too much to believe that the same type of 
creative engineering mind is still with us and, given 
the opportunity and encouragement, will create new 
industries which will absorb the present unemploy- 
ment and the ever-increasing supply of wage earners 
due to growth of population and improvement in agri- 
cultural methods? 

The engineer alone cannot restore prosperity or 
prevent depressions, but he can make his voice heard 
and understood if he will remember that he is only 
one per cent talking to 99.....He must learn to speak 
in a language that the 99 per cent will understand.— 
W. A. Shoudy in “Mechanical Engineering” for Decem- 
ber 1933, page 725. 
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By Doris Farr’ and Willard Gardner’ 


HIS paper is presented from the point of view of 

the physicist. Consistent units and homogeneous 

equations are used in order to avoid difficulties 
incident to the use of artificial units and special empir- 
ical equations. Various articles of this nature have 
been presented from this laboratory. Particular refer- 
ence is made to the paper, entitled “Computing the 
Effective Diameter of a Well Battery by Means of Darcy’s 
Law,” by Eliason and Gardner*. Although the analysis 
is based necessarily upon an ideal set-up of condi- 
tions, the conclusions are far-reaching and offer prom- 
ise of increase in the efficiency of well structures. 

On the basis of available cost data for materials of 
construction, it appears that well batteries of large 
diameter may be built cheaper than the small wells 
used at present in the West. For example, assuming a 
cost of $1.00 per foot for a 4-in pipe, a well battery of 
six wells 70 ft in depth, and having an effective diam- 
eter of 24 ft, could be built for less than $1,000.00. It 
appears, furthermore, that the cost is a linear function 
of the effective diameter, and, as will be shown later, 
this fact has an important bearing upon the problem 
of design. 


Darcy’s Law. As originally announced, Darcy’s 
law states that the velocity of flow of a liquid through 
a horizontal column of porous material varies directly 
with the pressure head difference and inversely with 
the length of the column. It may be expressed alge- 
braically as 


a en [1] 


where V is the velocity of the liquid, p is the difference 
in pressure head at the ends of the column, h is the 
length of the column, and K is a constant, the value of 
which is dependent upon the viscosity of the liquid 
and upon the nature of the soil. In this form the equa- 
tion has limited usefulness, whereas in the form of a 
differential equation it has general application. 

For the special case of flow toward an axis, as in 
the case of a tile drain, the differential equation has 
the simple form 


I iii cneleccctietae [2] 


where r is the distance from the axis toward which the 
water flows, v is the so-called macroscopic velocity, or 
the velocity averaged over soil grains and pores, and ® 
is the potential function. This function is made up of 
two terms, thus 


Oa ae cr  rg 0 on [3] 


where p is the pressure, p is the density of the liquid, 
and ¢ is the gravitational potential. This potential has 
the dimensions of velocity squared. The simple expedi- 
ent of dividing Equation 3 through by g, the accelera- 


‘Contribution from the Department of Physics, Utah Agri- 
cultural Experiment Station. Publication authorized by the 
Director, September 7, 1933. Released for first publication in 
AGRICULTURAL ENGINEERING. 

*Graduate student, Utah State Agricultural College. 

’Physicist, Utah Agricultural Experiment Station. 

‘Orville L. Eliason and Willard Gardner, Computing the 
Effective Diameter of a Well Battery by Means of Darcy’s 
Law. AGRICULTURAL ENGINEERING, vol 14 (1933), no 2, pp 53-54. 


tion of gravity, reduces the terms to quantities of the 
dimension of length. The potential is thus expressed 
as a length and the designation head seems to convey 
more meaning to engineers. It is important to observe, 
however, that Equation 2 and similar equations must 
be kept homogeneous by a proper adjustment of the 
constants. 

It may be pointed out parenthetically that the force 
per unit mass as a vector point function may be ob- 
tained for a perfect fluid by computing the negative 
gradient of the potential as defined by Equation 3. The 
shearing stresses which arise in the case of a physical 
fluid in motion are presumed, on the basis of Darcy’s 
law, to be directly proportional to the velocity, the 
acceleration being presumed negligible. Equation 2 
is therefore a special case of the somewhat more gen- 
eral form, 


= kv? * 


Exhaustive experimental data indicate that this law 
does not hold rigorously for high-potential gradients, 
but that it serves as a good first approximation for 
most practical purposes. Its introduction as an ap- 
proximation is equivalent to assuming that the velocity 
of groundwater as a vector point function has a poten- 
tial, which simplifies the solution of problems in this 
field. 


Horizontal Drains. It follows as a direct conse- 
quence of this law that, where there is an appreciable 
pressure near the surface, the installation of tile drains, 
for effective lowering of the water table is an expen- 
sive procedure. This will be shown in the analysis to 
follow. 

At times when the weather is damp and foggy, the 
water table tends to rise to maximum heights and care- 
ful design should take proper account of this fact. In 
order to provide adequate protection under these con- 
ditions, drains should be installed at sufficient depth 
and sufficiently close together to reduce the pressure 
to zero (or to atmospheric pressure) midway be- 
tween the drains at the surface of the ground. The 
methods of hydrodynamics are of particular value in 
aiding to determine these magnitudes. The curves of 
Fig. 1 have been drawn to represent the stream lines 
resulting from the combination of drains with a uni- 
form flow vertically upward, and the algebraic devel- 
opment will make clear the basis for the figures pre- 
sented in the table. Two conditions will be satisfied 
by the equations: (1) The total flow upward from the 
gravel, computed for the one unit of width s and length 
l on the assumption that the available head H is utilized 
in determining a uniform vertical flow, will be equated 
to the aggregate flow into a single drain, computed on 
the assumption that the flow is inward along the radial 
lines drawn from the axis of the drain. (2) The resul- 
tant pressure will be zero (or atmospheric) midway 
between drains at the surface of the ground and at the 
circumference of the drain. 

In order to avoid unnecessary mathematical diffi- 
culties, however, it will be assumed that the soil ex- 
tends to great distances above and below the level of 
the drains. The diagram will illustrate with sufficient 
precision the error thus committed. The flow through 


*With the equation in this form, k is negative. 


Bec i oS Aa a ee s Ree ve Shiai 22 Re RA > - ya ia ome i te Sane 5S 3 : eA 
Ses RS ee eS eC Se “y cs ea os ee : ae Ee 
ine i tate 2 Sear eee: ek! epee oo eee Beret ess eae : , Say ; T: 
TiN) he cutee Se Roe a Bay Ry) aS pa RR a4 i i heed ‘ : f 
hat See Fe TN ne ae” F Sea CORRES Caer choo) tee ge NS " aoe y 7 f 

ee = 
z 
'S 
e ee 
r 
{- 
i. 
Tr 
le 
1. 
it 
of 
d 
A 
ic 
pr 
- 
n 
1- 
Ss, ; 
r. | 
C- if 
| 

4 Se 
d 
1- 
le 
l . 

> 
1e 
m 
id 
’ 
VS 
d 
1S 
1e€ 
om ee 
y 
1e 
id 
ys 
d. 
te 
of Se 
on 
w 
rs 
: 
“1- 
or 
rd 
ak 
n- 
een es CUS eae ate E vem — - ge: - ai = ea ee Se ao 2; Bie Si the oo Pi E f om 4 ‘ 
pe pa ll i re ee le: em He ee, ea Reet) eee | Saks: eRe Bde Sr 4 2) ran : ‘ J 

Sma s | c Re cs | ae r ak eae aed Bo eee ea 4 eee Sth er i Ne «ales “ie uh he i 
ae . = as es wee ee ee Ee. 4 

a Shee en 1 ae, Be ae Me RA 2 ae ae ae. 2 es sea = ‘ 

oe. ee a Speen OR Hs RE oe Ren : 
Ro a e | Ses sok ieee SRE NOS TR pa ea ieee eae le a : ts 
eas it ; { | Sate eee ee big eae eee og : i) ee ae a a ge ee we 
Cc ae tae + RRR Rie em eke ce oe, OM OM me er Geet re alee 
7 alee Ss Oe eee eee ee eae ote vtec ae eee WOES ee ae TAs a 2 ae ae 5 ee 
Ase: | ee 0, RMR IR ED ite GeNere fois eile | eRe So Se eee > Sea SR a ' 
SRE $8? 5 yee 1 ie NII Sena 8a al od oe ee ae EE ; Pe J 


< 


ae. 
LAND SURFACE 


o, =] 4 
a ° , GRAVEL 7 45 
ea ao, 2 aa279 
* opgr* 20a 

o 56 7° 


the two central “tubes” will reach the surface of the 
ground to be evaporated rather than to be diverted into 
the drains. This will lead to a magnitude for the drain 
spacing slightly large and on that account an inequality 


sign will be used in the final formula resulting from 
the analysis. 


The equation of continuity for the flow into the 
drain may be written 


A, [4] 


where Q is the mass’ of water flowing upward from the 
selected area per unit of time and p is the density 
of the water. The elimination of v from this equation 


by means of Equation 2 will lead to the simple differ- 
ential equation 


Der OL |) a er [5] 


the subscript s being introduced in order to emphasize 
that the potential ®s is that part of the final total poten- 
tial ® which is due to the presence of the drain re- 
garded as a sink independently of the uniform flow. 

The corresponding equation for the uniform ver- 
tical flow from the gravel may be written 


=O) © pace ee [6] 
with a uniform drop in potential along the vertical 
lines of flow. In this equation H represents the avail- 
able head, g the acceleration due to gravity, and w the 
depth of soil overlying the gravel. 


By means of this equation Q may be eliminated 
from the differential equation (Equation 5), and it is 
readily integrated, giving after substituting appropriate 
limits 


‘It seems advantageous under certain conditions to keep 
foremost in mind the flux and flux density, writing Q@ equal 
to the product of the area and flux density ev rather than to 
the product of the area and the velocity v. 
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$5, — Ps, = {(sHg/w)/(27)} (Inri/r)** .....[7] 


r. being the distance from the axis of the drain to the 
point midway between drains at the surface of the 
ground and rm, the radius of the drain. The aggregate 
potential at a point due to various sources is the alge- 
braic sum of the separate potentials. If, therefore, we 
add to the terms ®s; and ®s; the respective contributions 
due to the uniform vertical flow, it is evident that these 
contributions will differ by an amount equal to (h/w) 
(Hg), inasmuch as Hg represents the total potential 
drop from the upper boundary of the gravel along the 
vertical streamline midway between drains to the sur- 
face of the ground. The difference in total potential, 
therefore, at the drain and at the surface of the ground 
midway between drains will be —-(h/w)(Hg) more 
than the difference indicated in Equation 7. Adding 
this quantity, therefore, to the right-hand member of 
Equation 7, and then introducing the second of the 
two conditions mentioned in a previous paragraph, the 
following equation results 


-(h/w) (Hg) + 4(sHg/w) /(27)} (Inr./r:) = hg [8] 


inasmuch as the pressure is to be zero at both places 
and the potential difference will be due entirely to 
difference in elevation of the drain and the surface of 
the ground. 

If we now introduce the approximation of equating 
s/2 to rz and also the inequality sign for the reason 
explained, the final formula becomes 


$< (2twh) (1 + H/w)/(HIns/2rm) _ ...... [9] 


H and w are quantities determined by the field con- 
ditions, h represents the arbitrary depth of the drain, 
and r, the arbitrary radius of the tile. The accompany- 
ing table of computed values of s for various values of 


**The symbol In is used in this equation to indicate the 


natural logarithm. 
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the other quantities has been prepared in order to 
illustrate the meaning of the inequality. It will be 
seen, for example, that for an excessive value of h 
(h= 10 ft), an excessive value of rm (m=1ft), and a 
comparatively small value of H (H = 5 ft), w taken as 
50 ft, the drain spacing should not exceed 158 ft. Where 
h=3f, n—=% th, #=S30tt, and w= 50, the drain 
spacing should not exceed 15 ft. 


Table of Computed Values of s 


h Yr, H w s 

3 % 5 50 46 

3 % 30 50 15 
10 M% 5 50 125 
10 % 30 50 39 

3 1 5 50 61 

3 1 30 50 21 
10 1 5 50 158 
10 1 


30 50 52 


(Distances expressed in feet). 


For many practical cases, therefore, the drain spac- 
ing is so close as to make the cost of effective drainage 
by means of tile drains prohibitive. 


Vertical Wells. On the other hand, provided wells 
be designed to reduce power costs sufficiently, pump- 
ing offers promise for effective drainage. It is impor- 
tant to observe, as has been pointed out by Gardner, 
Israelsen, and McLaughlin’, that for the hypothetical 
case of a uniform stratum of artesian gravel of pie- 
zometric surface is a logarithmic function of the dis- 
tance from the axis of the well. This fact has an im- 
portant bearing upon the design of the well. 

Increasing the diameter of the well decreases the 
necessary height of lift as will be seen by Fig.2. For 
example, if the well whose diameter is represented by 
d were so enlarged as to have a diameter D, the height 
of lift would be reduced from h to H. The problem of 
determining the appropriate size resolves itself into a 
balancing of the saving in power costs against the cost 
of enlarging the well. The cost of the pump and pump 
equipment also will enter into the problem. By reduc- 
ing the flow from a single well the height of lift could 
be reduced, but this would require more wells and 
more pumps to handle a given amount of water. The 
well battery is a device for reducing the flow from an 
individual small well and using a single pump to oper- 
ate a series of such small wells. 

It is possible to design various kinds of well bat- 
teries, but there appears to be some intuitive justifica- 
tion for arraying the small wells on a circle. The 
problem of choosing the appropriate number of small 
wells presents itself, but no rational method for deter- 
mining this number has been devised. Fig. 3, drawn 
from the equation of Eliason and Gardner, is helpful 
and indicates that the choice should lie somewhere 
between four and ten. The quantity (Gon)'”" is a fac- 
tor, which when multiplied by the radius of the circle 
in which the small wells are located, gives the effective 
radius of the well battery. No attempt is made to 
choose the proper size of pipe. Inasmuch as the fric- 
tion loss varies inversely with the square of the diam- 
eter, the size should probably be no less than 3 to 6 in 
in diameter as a general rule. The authors, however, 
are not committed to any choice for the number of 
wells or the size of pipe. 


Pumping Costs. As previously mentioned, the cost 
of such a well battery is a linear function of its effec- 
tive diameter, while for large excavated single wells 
the cost involves an important term containing at least 
the square of the diameter. It is presumed that in the 


‘Willard Gardner, O. W. Israelsen, W. W. McLaughlin, 
The Drainage of Land Overlying Artesian Basins. Soil Sei- 
ence, vol 26 (1928), pp 33-45. 
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aggregate for large scale pumping the cost of power 
will be approximately a linear function of the amount 
consumed. 

The capital cost of a well plant will therefore be 
treated as a linear function of the effective radius of 
the well and the product of the height of lift H and 
the quantity of water Q pumped per unit of time. A 
term b’Q is introduced to take account of costs propor- 
tional to Q. If the product of Q and the time factor 
representing interest and depreciation be divided out’, 
the result represents the cost z per unit of flow per unit 
of time, and the design should be controlled primarily 
by this factor where pumping operations are conducted 
on a large scale. The equation may be written 


a+cRe 


a ESO WU... cones 10] 
Q 


where the constants have the following significance: 

a is the aggregation of well costs assumed to be inde- 
pendent of Re and H, such, for example, as the cost 
of transformer, pump, and the vertical pipes for the 
small wells. It has the “economic” dimensions of 
capital multiplied by a factor (of the dimensions of 
reciprocal of time) representing interest and depre 
ciation rate. It will be unnecessary for the purpose 
of this article to assign an order of magnitude to this 
factor. 

c is a constant of proportionality, of order of magni- 
tude 4x10 dollars per second per centimeter for the 
case of six wells in the battery, the cost of pipe ap- 
proximating $1.00 per foot, interest and depreciation 
taken as about 40 percent per year. This extremely 
high rate is selected in order to introduce safety into 
conclusions to be drawn. 

P is determined by the power cost. Its dimensions differ 
from those of z by a factor having the dimensions of 
reciprocal of length. It has an order of magnitude 
of 10-? dollars per centimeter per gram when the 
power charge is two cents per kilowatt-hour and the 
motor has an efficiency of 50 per cent. 

b is a constant having the same dimensions as z, and 
representing terms in well costs that are propor- 
tional to Q. It is unnecessary here also to assign an 
order of magnitude. 


For the case of a single well in a large area the quan- 
tity of water Q is determined by Re and H, and, if it 
be regarded as constant, these two variables will no 
longer be independent, and it becomes possible to 
determine the derivative of H with respect to Re corres- 
ponding to the minimum value of z, thus 


dz/dRe = c/Q + P(dH/dR-) =O 
from which we obtain 

rl Dec. | eet A (| | 4) ce acca aa") 

On the basis of Darcy’s law, it has been shown* that 

f fone iy  EA CL Of | *) re (12 ] 
where C is defined by the following equation 

C = 2tplkg 
In this equation, p is the density of water, | is the thick- 
ness of the water-bearing stratum, k is the transmis- 
sion constant of the water-bearing gravel, and g is the 
accceleration of gravity. The magnitude R in Equation 
12 is the horizontal distance from the axis of the well 
to the curve of intersection of the piezometric surface* 
with the surface of the ground (assumed horizontal). 


If this is regarded as constant, with Q also constant, 
Equation 12 shows the corresponding relation between 


'The constants a, e, P, and b of Equation 10 include impli- 
citly this interest factor, and therefore Q appears alone in 
the denominator, and the constant b’ does not enter the 
equation. 

8Reference is here made to the cone-shaped surface repre- 
senting the piezometric surface with the pump in operation. 
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R. and H. Differentiating this equation with Q and R 
constant leads to 


dH/dRe = —Q/(CRe) 


Careful study of the conditions imposed in performing 
the differentiation reveals the fact that this is the same 
derivative as that shown in Equation 11’. Equating the 
right-hand members therefore of Equations 11’ and 13 
shows that, for maximum efficiency, 


Re = Q’P/(cC) 


To illustrate, if Q is taken as 225 gpm (which re- 
duces to 14,200 cucm per second), the magnitudes in- 
troduced for the constants P and c, together with a 
magnitude of 200 cgs units for C, will lead to a value of 
250 cm (approximately 8 ft) for Re. It should be em- 
phasized, however, that the choice of 225 gpm is whol- 
ly arbitrary and was chosen for the reason that it 
represents a comparatively .small well. Choosing a 
large value leads to a large value for the economic 
radius, and this analysis leads qualitatively only there- 
fore to the conclusion that the well should be large. 

Where a single well is located in a large artesian 
region, it should not be regarded extravagant to assume 
that Q is proportional to Re. If it may be permitted, 
therefore, to assume as a first approximation that the 
quantity of water available from a well at a definite 
drawdown is proportional to the radius of the well, we 
may introduce the following equation 


Q=pR- 


where p is written for a proportionality constant. By 
means of this equation we may eliminate Q from Equa- 
tion 10, leading to 


a+ cRe 
pRe 


From the form of this equation it is obvious that 
z will continue indefinitely to decrease with increasing 
Re with H maintained constant, and this conclusion 
is independent of the magnitude of the power cost 
factor P. 

The construction of extremely large wells by means 
of this battery system would require that the water be 
conveyed long distances through the radial pipes lead- 
ing to the central pump, and the friction should be 
taken into account in the completion of the design. It 
seems evident, however, on the basis of Equation 16 
that the practice of constructing large wells for large 
scale pumping would lead to greater efficiency regard- 
less of the more important feature of decreasing the 
cost for power. 


CONCLUSIONS 


It seems reasonable to conclude that, under certain 

conditions where artesian strata lie near the surface, 
adequate drainage requires such close spacing of 
drains as to render the cost prohibitive. 
‘ Tt seems reasonable also to conclude that where 
pumping for drainage is to be adopted, the well battery 
system offers important advantages over the small wells 
constructed under present practice in the West. 

The analysis seems to point definitely to the con- 
clusion that there is opportunity for improving the 
efiiciency of design of such well structures by specify- 
ing large diameters. 

The conclusions rest upon an ideal set-up of condi- 
tions, but the analysis is thus rendered clear and 
straight-forward, and the authors believe serious con- 
sideration should be given to such procedure. 


AUTiiORS’ NOTE: The authors desire to express appre- 
ciation to Dr. O. W. Israelsen and to Mr. Everett H. Larson 
for valuable suggestions made in connection with the sub- 
ject of this paper. 
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Lightning Protection’ 
By S. A. Knisely’ 


HE Code for Protection Against Lightning spon- 
sored by the American Institute of Electrical Engi- 
neers and the U. S. Bureau of Standards, and 
approved by the American Standards Association and 
the National Fire Protection Association, is the most 
authoritative document available on the subject of 
lightning protection. It contains the following clear 
and concise explanation of the fundamental principles 
of protection against this hazard: 
The fundamental theory of lightning protection for buiidings 
is to provide a means by which a discharge may enter or leave 
the earth without passing through a non-conducting part of the 
structure, as, for example, parts which are made of wood, 
brick, tile, or concrete. Damage is caused by the heat and 
mechanical forces generated in such non-conducting portions by 
the discharge, whereas in metal parts the heat and mechanical 
forces are of negligible effect if the metal has sufficient cross- 
sectional area. There is a strong tendency for lightning dis- 
charges on structures to travel on those metal parts which 
extend in the general direction of the discharge. Hence, if 


metal parts are provided of proper proportions and distribution, 
damage can be largely prevented. ... . 


The nature of the structure will have a large influence upon 
the extent of the protection to be considered. Thus an all-metal 
structure is practically immune to lightning damage because of 
its construction, and very simple measures usually suffice to 
make protection complete. Metal-frame buildings with terra 
cotta or tile facings are next in order as requiring somewhat 
more extensive measures, while as the amount of metal in the 
roof and sides of a building decreases, the protective measures 
required approach more nearly a complete system. Buildings 
made entirely of non-conducting materials, such as wood, stone, 
brick, or tile, require complete systems with special attention to 


contents if they house large metal objects, such as machinery 
and the like. 


The required condition that there be a metallic path for the 
part of the discharge which is intercepted is met most fully by 
a grounded metal or metal-covered structure, which presents 
what might be thought of as an infinite number of parallel 
conductors from the uppermost part of the structure to the 


earth. 

A surprisingly large number of American farmers 
still ridicule the use of lightning rods. Sometimes it is 
because they have seen rodded buildings damaged or 
destroyed by lightning, without appreciating the fact 
that a faulty installation was to blame. But science 
has long since proved that the properly installed light- 
ning rod system is a very effective protection against 
lightning. Minute instructions are laid down in the 
Standard Code for safeguarding quality of material and 
workmanship. Where these specifications are followed 
in installing a complete lightning rod system or simple 
grounding devices, the chances of failure are almost 
nil. Then, too, experience has demonstrated that even 
a faulty rod installation is better than none at all. 


Where buildings are made entirely of non-conduct- 
ing materials, such as wood, steel, brick or tile, com- 
plete lightning rod systems with elevation rods extend- 
ing above the roof are required. 


In the case of buildings which are roofed or roofed 
and clad with metal of substantial weight, and with 
all parts thereof in good electrical contact, additional 
conductors can be dispensed with, due attention being 
given only to adequately grounding such metal. Air 
terminals need be provided only on such non-conduct- 
ing projections extending above the metal roof, as 
brick chimneys, wood ventilators, etc. Metal ventila- 
tors, for illustration, require no air terminals but must 
be electrically connected to the metal roof. Usually 
a simple grounding from the metal eaves or metal 
siding at diagonally opposite corners is all that is 
required to protect a metal-roofed or metal-clad build- 
ing of ordinary size. 


1From a paper presented at a session of Structures Division of the 
American Society of Agricultural Engineers during the 27th annual 


meeting of the Society, at Purdue University, Lafayette, Indiana, 
June 1933. 


2Director, trade research division, National Association of Flat Rolled 
Steel Manufacturers. Assoc. Mem. A.S.A.E. 
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A review of current literature by R. W. TRULLINGER, senior agricultural 
engineer, Office of Experiment Stations, U. S. Department of Agriculture. 
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Use OF ALUMINUM IN DAIRY EQUIPMENT, H. A. Trebler (Internatl. 
Assoc. Milk WVeaiers, Froc., Zv (1y¥3z), Plant. Sect., pp. 46-87, tigs. 14). 
‘rhnis study dealt witn tne puysioiogical, chemical, pnysical, and me- 
chanicai properties of a:uminuu: wnen used tor dairy equipment. 

‘rne conciusion is that aiuiimum appears to ve tue cneapesc and 
best material at present avaiiaoie for transportation and s.orage of 
milk. Its substitution tor present materials will permit trom 20 to 
50 per cent saving in cost of weight. Aluminum toi insulation com- 
pares favorabiy with cork, both in cost and insulating properties, and 
will make possible a very important saving in weigat tor transportation 
tanks and insulated truck bodies. Aluminum can rurtuer pe used prac- 
tically every piace where tinned copper or tinned iron are now peing 
used and will be found cheaper and in general much more satisiactory 
if certain precautions are taken. 

Aluminum will prove satisfactory in dairy equipment if (1) contact 
with other metais is avoided in tne liquid and neavy contamination 
with other metals is avoided in the system previous to the aluminum 
equipment, (2) silicate is added to cleaners and sterilizers, and chromate 
to brines, and (3) paper or rubber gaskets are used in connection 
with aluminum couplings and the couplings tightened by hand only. 

The sensitiveness to electrolysis is the chief disadvantage of alum- 
inum. The chief advantage of the metal are nonoxicity, insolubility in 
dairy products, light weight, low cost, and good workability. 
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THE VARIOUS FORMS OF ENERGY USED IN THE AGRICULTURE OF pus 
VICINITY OF BOLOGNA AND THE POSSIBILiTY OF AGRICULTURAL ELECTRIFI- 
CATION ([trans. title] (Ingegnere, 7 (1933), No. 3, pp. 185-193, figs. 7). 
A survey of the agricultural utilization of power in the vicinity of 
Bologna, Italy, indicates that in round figures this amounts to 74,0v0 hp 
as used on some 173,000 acres of arabie land which might be electri- 
fied. The annual cost of power used on this land is about 50 lire 
($2.63) per acre. It is estimated that the power operations involved 
might be done electrically for one fourth of this cost. 

An analysis of the present available power indicates that it includes 
about 40,000 hp in animals, about 19,400 hp in tractors, and about 
3,030 hp in electrical equipment. Statistical and economic data on the 
adaptation of electricity are summarized. 


IRRIGATION PRACTICE AND ENGINEERING.—I, USE OF IRRIGATION WATER 
AND IRRIGATION PRACTICE, B. A. Etcheverry and S. T. Harding (New 
York and London: McGraw-Hill Book Co., 1933, vol.1, 2. ed., rev., 
pp. X+-256, figs. 111). This is the second edition, revised, of tnis text 
and handbook. It has been completely rewritten, the changes from the 
first edition being mainly in the examples used to illustrate tne prin- 
ciples of farm-irrigation practice. 

The treatment of irrigation practice in this edition is limited to the 
handling and use of water on the farm. Pumping from ground water 
is included and given special treatment. 


OXIDATION OF SOME HYDROCARBONS [trans. title], Mlle Estradere 
(Compt. Rend. Acad. Sci. [Paris], 196 (1933), No. 10, pp. 674-676, fig. 
1). Studies are reported on the oxidation of hexane, cyclohexane, and 
cyclohexene under constant pressure and under conditions conducive to 
detonation. Mixtures of the hydrocarbons with oxygen (4:1) at atmos- 
pheric pressure were subjected to temperatures of from 300 to 600 deg 
Centigrade. 

It was found that the phase of active oxidation began at the point 
where the oxygen decreased rapidly in the gas at temperatures of 330, 
340, and 410 deg, respectively, for hexane, cyclohexane, and cyclo- 
hexene. There was a simultaneous appearance of carbon monoxide in 
important quantities. Peroxides were produced only at temperature 
intervals of from 10 to 15 deg, the maximum yields being at 330, 340, 
and 410 deg. At these temperatures quantities of carbon dioxide and 
aldehydes were also produced. The cyclization of saturated hydrocar- 
bons does not appear greatly to increase their resistance to oxidation. 


‘“‘DUNLAP’”?’ PNEUMATIC TYRES, WHEELS, AND Huss FOR FARM CARTS 
({Gt. Brit.] Min. Agr. and Fisheries, Agr. Mach. Testing Com. Certif. 
and Rpt. 46 (1933), pp. 7, pl. 1 fig. 1). Tests conducted by the Insti- 
tute for Research in Agricultural Engineering of the University of 
Oxford are reported. They related to the comparative draft and pay 
load of a two-wheeled farm cart using the ordinary iron-tired wheels 
and wheels fitted with pneumatic rubber tires. 

The use of the peumatic rubber-tired wheels was found to reduce the 
draft of the cart from 13 to 41 percent according to load carried and 
type of land traversed. The increase in pay load that could be carried 
varied from 35 to 108 percent according to ground conditions. The 
ground was less cut up by the pneumatic tires than by the iron tires. 


TESTS OF ANCHORAGES FOR REINFORCING Bars, C. J. Posey (Iowa 
Univ. Studies Engin. Bul. 3 (1933), pp. 31, figs. 18). The object of this 
investigation was to secure an anchorage giving high ultimate values of 
— reinforced hooks but without their tendency toward excessive 
slip. 

The specimens were all made of % or %-in diameter high-carbon 
steel bars cast in concrete blocks, which were 9 in square and approxi- 
mately 2 ft long. A few of the specimens were cast in blocks 6 in wide 
instead of 9 in. The length was varied an inch or so either way when 
necessary to allow for differences in the height of the exposed portion 
of the bar. The proportion of size of bar to the size of the enclosing 
concrete specimen was chosen as representing closely what is common 
in reinforced concrete construction. 

It was found that the early load-slip ratio is greater the larger the 
radius of hook. The larger hooks carry greater loads until a slip of 
three or four hundredths of an inch is reached. At slips greater than 
three or four hundredths of an inch, the smaller hooks carry greater 
loads than do the larger hooks. In this range the large hooks lose 
load as the slip increases, while the small hooks pick up more load. 


bility of results increases as the radius of bend increases, being 
piss with the straignt embedmenis. None of tne hooks (or straight 
var) with embedment of 22 diameters total lengtn furnished a Ssatis- 
tactory anchorage in the ee used. ‘mere was too great a vari- 

ity and the strength was insuflicient. : 

re most prereset anchorage tes.ed during the 4 years of inves- 
tigation was a straight embedment of piain round bar, tne surface of 
wnich had been rougnened by rows of indentations made witn a blunt 
coid chisel. A lengin of emvedment of omy zz times tne diameter of 
tne bar consistentiy developed a par stress of 20 times the ultimate 
compressive stress of tne concrete, witn a siip of less than 0.01 in at 
the 1oaded end. ‘These bars were superior to ordinary commercial de- 
tormed bars, both in ability to pick up load witn little sup, and in 
ultimate carrying capacity. whe essentiai difference between te rough- 
ened bars of tnese tests and ordinary deformed bars is in tne size 
and frequency of tne detormations, those on the commercial bars giving 
too hign a pearing stress on the sides of the ridges in comparisou 
with tne shearing stress in the concrete between the ridges. 


STupIes OF BACTERIUM COLI IN PRIVATELY OWNED RURAL WATER 
Supplies, R. L. France (Jour. Bact., 25 (1933), No. 6, pp. 623-635). 
‘his study, reported by the Massachusetts Experiment Station was un- 
dertaken to investigate the adequacy of the routine procedure of tne 
standard methods of water analysis for bacteriological examination of 
water when applied to privately owned rural water supplies. 

Two hundred and twenty-three strains of the colon-aerogenes group 
isolated from water, and 178 strains isolated from feces were studied. 
All strains were contirmed as B. coli by the Standard Methods procedure. 
When tne methyl red, Voges-Proskauer, sodium citrate, and uric acid 
tests were empioyed to dimerentiate tne strains studied into #. coli ot 
fecal type and nonfecal B. aerogenes it was observed that a considerably 
greater percentage of the strains trom water than of the strains trom 
reces gave irreguiar results. ‘The percentage of strains identined by 
the differential media as B. coli of tecal type was considerably greater 
among the strains isolated from feces than among those isolated from 
water. ‘he metnyl red and voges-rruskauer testis agreed periecliy witn 
each other for all strains tested. ‘rhe sodium citrate and uric acid 
tests failed to agree with each other with 15 of the strains (6.7 per cent 
of the total) isolated from water. These tests failed to agree with 
each other with only one strain isolated from feces. A considerably 
greater number of strains isolated from water were identified as &. coli 
of fecal type by the methyl red and Voges-Proskauer tests than by 
the sodium citrate and uric acid tests considered separately or to- 

ether. 

. The results obtained in this investigation suggest that dependence 
on the Standard Methods procedure alone for determining the sanitary 
quality of drinking water, especially from privately owned supplied of 
unknown history, results in too many of the samples being condemned. 
The need of supplementary differential tests is indicated, but results 


do not justify the recommendation of any particular test or group of 
tests. 


SERVICE RECORDS OF TREATED AND UNTREATED POLES, R. M. Wirka 
(Elect. World, 102 (1933), No. 4, pp. 116-121, figs. 3). In a contribu- 
tion from the U.S.D.A. Forest Service, data from service records of 
untreated and butt-treated poles are presented and analyzed. They 
show that the serviceable life of poles is affected by such factors as 
changes in wire load, reconstruction and rerouting of lines, species, soil 
and climatic conditions, size, and treatment, if any. 

Of the butt treatments under observation the hot-and-cold bath 
process with creosote has been found the most effective. The brusn 
method is less effective than the hot-and-cold bath method, but its 
use may sometimes be permissible where it is impracticable to use a 
more thorough treatment. The extension of life resulting from brusa 
treatments with a good preservative should generally be sufficient to 
more than pay for the cost of application. Two coats of a good 
preservative applied by brushing should generally be more effective 
than one. 

Chestnut, Northern white cedar, and Western red cedar poles that 
were butt treated with creosote by the hot-and-cold bath process are 
giving excellent service in the regions in which they are under test. 
Though the tops of the Western red cedar poles in southern California 
are being attacked by termites, they will give an average physical life 
of at least 25 years. 

Lodgepole pine poles that were butt creosoted by the hot-and-cold 
bath process are giving long service in regions where top decay is not 
a factor, for example, in the higher altitudes of the Rocky Mountain 
regions. Under more severe service conditions lodgepole pine poles 
would need top treatment also if the maximum life is to be obtained 
from them. 

Tests with the ponderosa pine and white fir poles that were butt 
treated with creosote by the hot-and-cold bath process show that in 
the part of California where they are being used a top treatment also 
is necessary for maximum service. 

While the data on treatments using Anaconda Wood Preservative 
(dust and granules) are not very comprehensive, they indicate that this 
material will not be so effective as the hot-and-cold bath treatment 
with creosote. Increasing the resin content in pole butts proved of little 
value in extending the life of the lodgepole pine poles. There appears 
to be no advantage in seasoning poles to be used untreated before 
setting them in line. The extension of life to be accomplished by a 
thorough preservative treatment is proportionately greater in poles of 
nondurable species than in poles of naturally durable species. Butt 
treatments should extend well above the ground line if decay-producing 
fungi are to be repelled in that area. 


EFFECT OF TETRAETHYL LEAD ON OCTANE NuMBER, L. E. Hebl, T. B. 
Rendel, and F. L. Garton (Indus. and Engin. Chem., 25 (1933), No. 2, 


(Continued on page 355) 
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Logical Subsidized Building 


F IT is desirable, in the interest of reemployment, for 
the federal government to foster and finance build- 
ing projects, a most logical place for such building 

is on the farm. Apparently the cities have a great 
plenty of office, hotel, and apartment buildings. In 
general, the same seems to be true of industrial and 
commercial structures. 

Slum clearance has emotional appeal and a worthy 
social purpose, but plans for erection of model tene- 
ments already have aroused opposition from landlords, 
not so much owners of the slum property to be direct- 
ly displaced, but of a better class of apartments with 
an uncomfortably high percentage of vacancy. On the 
face of things it would seem wiser to shift slum popu- 
lations into existing vacancies, even at reduced rentals 
and valuations, than to create still more vacancy with 
its disastrous reaction on average property earnings. 

The slum dwellers on American farms are no less 
deserving of better quarters than the occupants of city 
tenements. There are no existing better homes into 
which farm families might be shifted. If they are to 
have better homes, those homes must be built on the 
land to which the families are anchored. There is no 
question of destroying the earning value of competitive 
properties. On the other hand, such dwellings become 
a part of permanently productive properties, affording 
abundant security and satisfying the theory of self- 
liquidation. 

The doctrine of self-liquidation applies still more 
directly if such a farm building program is extended 
to livestock shelters and other structures. Although 
the breakdown of distribution and finance has created 
a seeming surplus of agricultural production capacity, 
the slack will be taken up with restoration of consumer 
purchasing power, and added capacity will be needed 
as infant industries using raw materials from the farm 
grow and multiply. The immediate need for new or 
improved farm buildings, however, is not for capacity, 
but for economy. Reduced wastes and increased effi- 
ciency for feed and labor are a route to farm relief 
with which even the most urban-minded could scarcely 
quarrel. 

Decadence and obsolescence of existing farm build- 
ings are too well known among the informed to need 
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restatement here. The Structures Division of the Amer- 
ican Society of Agricultural Engineers is alive to the 
needs, well organized, and well equipped to furnish 
plan service. For a large-scale federal program there 
probably are not enough skilled engineers for super- 
vision. But so long as there are farm building engi- 
neers unemployed, or working at less than the full 
measure of their talent, common sense suggests a pro- 
gram cut to the size of the personnel available. 

The same is true of appraisal and other adminis- 
trative machinery. To at least some extent and in 
some localities the federal machinery for farm loans 
could be utilized. To a degree state agencies can be 
clothed with authority to assist in a federal program. 
Granted that the program might be spotty in its appli- 
cation, and that there are difficulties to be ironed out, 
any advance in any sector will help to restore activity 
and employment in the materials industry and the 


building trades. At least a few farmers will be helped’ 


toward more economic production, and a wholesome 
example set for all agriculture. 


Engineering in Pest Control 


HOSE who see symbolism in mere coincidence 

might well find support for their theory in the 

closely succeeding appearances of Dr. E. L. Nixon 
and Mr. R. M. Merrill in the technical meeting just held 
by the Power and Machinery Division of the American 
Society of Agricultural Engineers. 

Dr. Nixon is a veteran plant pathologist. For years 
he has concentrated on the problem of profitable pota- 
to production in spite of the several serious potato 
diseases. By the time his studies in microbiology had 
developed into practical farm methods he had gone 
into the technology and economics of soil content and 
structure, all the details of tillage and supplementary 
cropping, in their reaction on the potato plant and on 
its enemies. So, too, with the chemistry, physics, engi- 
neering, and economics of fungicides, and the machin- 
ery and methods for their application. 

By force of circumstances and native genius, Dr. 
Nixon has become de facto an agricultural engineer. 
In the few vivid moments of his informal address, he 
set forth a number of engineering developments, and 
also set up some distinctly engineering problems which 
he characterized, with modest whimsy, as being diffi- 
cult for a mere botanist. On the heels of this came the 
initial report—naturally only a brief statement of 
projected activity—by Chairman Merrill for the newly 
created Committee on Pest Control. 

Among the methods of pest control subject to engi- 
neered application are burning, spraying, dusting, heat 
sterilization, fumigation, and bait-poisoning. Obviously 
engineering may contribute much to the effectiveness 
and economic feasibility of such operations. Less ap- 
parent, but probably more important in the aggregate, 
is the modification of farm machinery and adjustment 
of farming methods to achieve commercially adequate 
conirol of pests in combination with or incidental to 
the major operations of crop production. The contri- 
bution of agricultural engineers to control of the corn 
borer, and of farm buildings specialists to exclusion 
or discouragement of sundry sorts of vermin, are 
pertinent examples. 


A Correction 


N THE caption for the illustration that appeared on 
page 304 of the November 1933 AGRICULTURAL ENGI- 
NEERING, it was stated that the steel frame barn 
shown under construction was 240 feet long. The barn 
shown in the process of framing in this picture is 137 
feet long, and the second barn to be built alongside it 
will be 103 feet long, making the two barns 240 feet. 
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pp. 187-191, figs. 9). An empirical analysis is made of the relationship 
between the concentration of tetraethyl lead and the octane number of 
a@ gasoline, and a definition is developed for the lead susceptibility of 
any gasoline. 

It is shown that the octane number of an ethylized gasoline is deter- 
mined by a combination of five distinct factors whose proper relation- 
ships are incorporated in an ethyl blending chart. These are (1) the 
effectiveness of iso-octane at different concentrations in raising the anti- 
knock value of iso-octane-heptane mixtures, i.e., the relative dimensions 
of octane numbers in different parts of the scale; (2) the effectivness 
of tetraethyl lead at different concentrations. (This compound is most 
eective in small concentrations, and, as more is added to a gasoline, 
its effect gradually diminishes); (3) the octane number of the base 
gasoline before tetraethyl lead is added; (4) the lead susceptibility of 
the gasoline; and (5) the number of cubic centimeters of tetraethyl 
lead added per gallon of gasoline. 

This chart may be used for determining the lead susceptibility of 
a gasoline from the octane numbers of two blends containing different 
concentrations of tetraethyl lead. Lead susceptibility of gasolines made 
from various crudes and by several processes are given. It is empha- 
sized that the equations on which the ethyl blending chart is derived 
are of an empirical nature and as such are open to error in certain 
specific cases. However, the chart has beer checked on more than 
two hundred base gasolines of widely divergent types, and so far only 
one type of exception has been noted. It has been found in this 
connection that the lead susceptibility of a gasoline is not determined 
by the hydrocarbons alone, but may also be markedly affected by 


small amounts of impurities either found in the gasoline or formed 
on treatment. 


THE SUPPORTING STRENGTH OF RIGID PIPE CULVERTS, M. G. Spangler 


‘(Iowa Engin. Expt. Sta. Bul. 112 (1933), pp. 100, figs. 56). Studies 


conducted in cooperation with the U.S.D.A. Bureau of Public Roads 
are reported. 

The purpose of this research has been to determine the load factor 
for rigid pipe culverts when installed under various field conditions 
affecting the vertical reaction and the active lateral earth pressure, and 
subjected to vertical loads due to the covering earth, with or without 
loads due to surface traffic. The plan pursued was to conduct a num- 
ber of experiments in which several pipe sections, selected at random 
from a given shipment, were tested in the laboratory with the 3-edge 
bearing test. A like number of similar sections were then loaded in the 
field by an actual embankment and the field strength determined. The 
ratio of these two strengths is the load factor for that set of pipe for 
the conditions under which they were installed in the field tests. 

With the data thus secured as a basis, a rational theory for deter- 
mining the load factor under all conditions of loading was developed. 
Working values of the load factor, determined in accordance with this 
theory, are proposed for a range of field conditions covering all cases 
likely to be encountered in practice. 

It was found that the field supporting strength of rigid pipe is 
materially affected by the character of the bedding of the pipe. As a 
result of this study, four classifications of bedding conditions are pro- 
posed and defined to cover the range of conditions normally encountered 
in practice. From poorest to best these classifications are (1) imper- 
missible projection bedding, (2) ordinary projection bedding, (3) first 
class projection bedding, and (4) concrete cradle projection bedding. 
The necessity for a definitely controlled field practice of bedding cul- 
vert pipe is clearly shown. 

Marston’s theory of loads on conduits due to earth fills, which 
assumes the vertical load on a conduit to be uniformly distributed 
over its breadth, was verified by analyses of the radial pressure on 
two culverts. 

The conclusion that active lateral pressures about equal to those 
calculated by Rankine’s formula may be considered to act against 
those portions of pipe culverts which project above the surface of the 
natural ground adjacent was reaffirmed. A large number of measure- 
ments of radial pressure on rigid culvert pipe were made by means 
of earth pressure cells of the type designed by Goldbeck and Smith. 
These cells were found to be of little value in making such measure- 
ments, primarily because the actual earth pressures vary widely from 
point to point and an impractical number of cells would be necessary 
to determine average pressures accurately. Stainless steel ribbons slid- 
ing between canvas surfaces were used to measure radial pressures and 
were found to be superior to the pressure cells. This superiority was 
due largely to the fact that while the cells measured pressure over a 
circular area of only 10sq in, the ribbons being 48 in long and 0.5 in 
wide gave a measure of the average pressure on 24 sq in. 

A devise for measuring the vertical settlement at any point in the 
interior of an embankment was developed as a part of this research 
and is fully described. While it was operated successfully, it seems to 
be susceptible to further development and refinement. 


DURABILITY OF POSTS AND RESULTS OF PRESERVATIVE TREATMENT, D. 
G. Carter, H. T. Barr, and J. B. Woods (Arkansas Sta. Bul. 287 (1933), 
pp. 16, fig. 2). This bulletin reports the progress of laboratory and 
field studies extending over a 10-year period, from 1923 to 1933, on the 
life of fence posts and the use of preservative treatments for Post 
woods. Three phases of the study are reported: (1) The durability of 
fence posts in service, (2) tests of preservative treatments on pine and 
oak specimens, and (3) the use of toxic chemicals and other preserva- 
tives in the control of wood-destroying fungi. 

On the basis of 10 years of service tests, 7-year tests of wood 
specimens in the field, and laboratory studies of toxicity, it was found 
that pine posts creosoted by the pressure process were entirely sound 
after 10 years’ service. Galvanized steel posts showed no deterioration 
after 10 years’ service. Painted steel posts are Satisfactory, but the 
coating is not weather resistant, and posts are subject to corrosion. 
Home creosote treatment of oak posts gives an apparent increase of 
about 4 years in length of satisfactory service. Fifty per cent of the 
test posts were sound after 10 years. Creosote was the most generally 
— segs gp one = all tests. 

e use of insecticides and fungicides, such as lime-sulfur 
and lubricating oil emulsion, did not prevent wood decay, pat coon 4 
destruction was retarded somewhat when compared with untreated 
specimens. Used motor or cylinder oil without dilution or emulsifica- 
tion gave definite indications of effectiveness. Best results were se- 
cured when treatments were of short duration and at the lower temper- 
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atures. In field tests, zinc chloride treatments were found to be effec- 
tive in preservation and may readily be adapted to home treatment. 

Molten sulfur offered some mechanical resistance to decay. Copper 
compounds precipitated in the wood were found to be highly toxic to 
wood-destroying fungi. 

This project indicates the desirability of further study on (1) the 
effect of length of treatment on durability, (2) the use of used motor 
oil as a preservative, (3) the use of chemicals in contact with the 
wood in the soil, (4) the value of copper compounds soluble in weak 
acids, and (5) treatment with and effect of zinc chloride as a pre- 
servative. 


[AGRICULTURAL ENGINEERING INVESTIGATIONS AT THE MASSACHUSETTS 
STATION], C. I. Gunness (Massachusetts Sta. Bul. 293 1933), pp. 7, 8). 
The progress results are briefly summarized of investigations on apple 
storages, fertilizer distributors, and low-lift pumps. 


EVAPORATION FROM SALT SOLUTIONS AND FROM OIL-COVERED WATER 
SurFaces, C. Rohwer (Jour. Agr. Res. [U.S.], 46 (1933), No. 8, pp.715- 
729, figs. 3). Studies conducted by the U.S.D.A. Bureau of Agricul- 
tural Engineering in cooperation with the Colorado Experiment Station 
are reported. 

Comparisons were made of the rate of evaporation from water in 
standard land evaporation pans and from similar pans covered with oil 
or containing various concentrations of sodium chloride and sodium 
sulfate. A film of transformer oil or medium engine oil reduced the 
evaporation, but dissipation of the film by rain, wind, and other causes 
rendered this an uneconomical method for reducing evaporation from 
large surfaces. From 2, 5, 10, and 20 percent solutions of sodium 
chloride the evaporation was 97, 98, 93, and 78 percent, respectively, 
of that from water. From 2, .5, and 10 percent solutions of sodium 
sulfate the evaporation was 104, 98, and 98 percent, respectively, of 
that from water. Evaporation from the salt solutions followed the 
same law as evaporation from water, correction being made in the 
computations for the effect of the salt upon the vapor pressure. 


POWER AND MACHINERY IN AGRICULTURE, W. M. Hurst and L. M. 
Church (U. S. Dept. Agr., Misc. Pub. 157 (1933), pp. 39, figs. 17). 
This publication summarizes data from various sources on the changes 
effected by power and machinery, kinds of power and its geographic 
distribution, amount and cost of power, and major developments in 
farm tractors. 

The data show that nearly 17,000,000,000 hph are developed annually 
on farms in the United States, and that animals furnish approximately 
50 per cent of this power. A simple method of approximating the duty 
of a tractor or horse-drawn implement is expressed by the equation 


SW 5,280 (100—P)10 
43,560 x 100 


D= 


in which D is duty in acres per day, S speed in miles per hour, W 
effective width in feet, 5,280 number of feet per mile, P percent of 
time lost in turning and in servicing, 10 number of hours worked per 
day, and 43,560 number of square feet per acre. 

An appendix presents statistics relating to tractors, horses and mules, 
and certain farm conveniences. 


A NEW TYPE OF INSTALLATION FOR MEASURING SOIL AND WATER 
LOSSES FROM CONTROL PLATS, H. V. Geib (Jour. Amer. Soc. Agron., 25 
(1933), No. 7, pp. 429-440, figs. 11). In a contribution from the U. S. 
D. A. Bureau of Chemistry and Soils a detailed description is given of 
a type of devisor box which was found to work very satisfactorily, 
along with a description of the complete installation as it is now being 
used on the soil erosion and moisture conservation control plats at the 
Blackland Erosion Experiment Station at Temple, Tex. 

A type of divisor box was evolved which gave practically the same 
aliquot at all stages of flow. The outlet of weir end of this box con- 
sisted of a number of identical rectangular slots, stamped out with a 
die to insure greater accuracy and uniformity. This multislot divisor 
box was found to be very accurate and entirely suitable for use alone 


or in series to obtain a definite aliquot of the run-off from erosion 
control plats. 


DomEstic Uses oF Gas, A. E. Forstall et al (Scranton, Pa.: Inter- 
natl. Textbook Co., [1932], pp. IV-+[150], figs. 55). This is a technical 
handbook on domestic uses of gas and the design and installation of 
equipment. It deals with gas lighting, water heaters, cooking appl- 
iances, space heaters, gas piping and flues, refrigeration, domestic 
clothes driers and incinerators, distribution and use of gas, transmis- 
sion of gas, distribution of natural gas, comparison with manufactured 
gas, distribution precautions with natural gas, distribution mains, mak- 
ing joints in mains, metering gas to consumers, reading of gas meters, 


installing and testing meters, house piping, and utilization of natural 
gas. 


SEPTIC TANKS AND PRIvies [trans. title], I. Coulpier (Jour. Agr. 
Prat., 97 (1933), No. 19, pp. 381-384, figs. 4). Brief practical informa- 
tion is given on the construction of sanitary privies and septic tank 
sewage disposal systems for country use in France. 


FUEL OILS; CQMMERCIAL STANDARD CS12-33 (Washington: U. S. Bur. 
Standards, 1933, 2. ed., pp. II+13, fig. 1). The text of specifications 
covering six grades of fuel oil for various types of fuel-oil-burning 
equipment is presented. 


WHAT ELECTRICITY COSTS IN THE HOME AND ON THE FarM, edited by 

L. Cooke (New York: New Republic, 1933, pp. XXI-+-231+-[43], 
pls. 2, figs. 3). This is a symposium on the cost of distribution of 
electricity to domestic and rural consumers consisting of papers pre- 
sented before the Institute of Public Engineering in New Yousk City, 
January 20, 1933. Among these were papers on The Physical Charac- 
teristics of the Distribution Plant, by W. E. Herring (pp. 6-12); The 
General Problem of Cost-Allocation, by J. M. Clark (pp. 13-23); The 
Development of Industrial Cost Keeping, by N. M. Perris (pp. 24-36); 
Service Elements and Costs of Distributing Electricity to Retail Cus- 
tomers, by H. W. Reed (pp. 37-52); Distribution Cost of Electric Energy 
with Special Reference to Residence and Rural Customer, by C. W. 
Pike (pp. 75-102); The Relation of Local Costs to System Costs in the 
Production and Distribution of Electric Energy, by R. Husselman (pp. 
118-144); On the Variations in Distribution Costs per Customer as 


(Continued on page 360) 
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AGRICULTURAL ENGINEERING 


AMMNVULUUUULUSUO ALUN 


A.S.A.E. and Related Activities 


UOUUUUOUVOVOUUEVUOUEUULULNVLUOVOAALEASOU USAT 


URING the earlier part of the 
D new year two and _ possibly 

three meetings of geographical 
sections of the American Society of 
Agricultural Engineers will be held 
to record the progress of agricul- 
tural engineering development dur- 
ing the past year in the respective 
sections of the country embraced by 
these sections, to encourage greater 
cooperation between individual 
agricultural engineers, and to co- 
ordinate the activities of individuals 
and groups in rendering a larger 
measure of service in the field of 
engineering as applied to agricul- 
ture. 

As announced in the November 
AGRICULTURAL ENGINEERING, the 
meeting of the North Atlantic Sec- 
tion of the Society usually held in 
October will be held at Harrisburg, 
Pennsylvania, January 17 to 19, 
which dates coincide with the an- 
nual Pennsylvania Farm Show. 


While the final technical pro- 
gram for the meeting is not at this 
writing available, it will cover the 
general features referred to in the 
November AGRICULTURAL ENGINEER- 
ING. The meeting will open with 
a session on Wednesday afternoon, 
January 17. The evening of that 
day will be devoted to a number of 
round table discussions arranged to 
be of particular interest to those 
who attend the meeting. Two ses- 
sions, forenoon and afternoon, will 
be held the following day, and the 
yearly dinner of the section is sche- 
duled for the evening of that day. 

The forenoon session for Friday, 
January 19, will officially close the 
meeting, and arrangements are be- 
ing made for the group to visit the 
Pennsylvania Farm Show during 
the afternoon of that day. 


The sessions will be held at the 
downtown Y.M.C.A., at North and 
Front Streets, and inasmuch as 
there are a great many visitors in 
Harrisburg during the Farm Show, 
those attending this meeting are 
urged to make room reservations 
early. The rates at the Y.M.C.A. for 
non-members of that organization 
range from $1.25 to $1.75 per per- 
son. Reservations should be made 
direct with Mr. J. M. McKee, 707 
Telegraph Building, Harrisburg, Pa. 

Reduced fares (114 fare per trip) 
will be effective for persons resid- 
ing in New York, New Jersey, Dela- 
ware, Maryland, Virginia, and West 
Virginia. Those attending the meet- 
ing from the states named should 


write Mr. McKee for a reduced fare 
certificate, which they can present 
when purchasing their ticket to the 
meeting. 

The principal meeting of the Pa- 
cific Coast Section is usually held 
in January. A meeting of the Sec- 
tion was held at Pamona, California, 
on November 3. At this writing an 
announcement of a meeting in Janu- 
ary has not been received, but on 
account of the unusual activity in 
various branches of the federal ser- 
vice, and with which a large per- 
centage of Pacific Coast members of 
the Society are associated, there ap- 
pears some doubt that a January 
meeting will be held. 

For several years the Southern 
Section of the Society has held its 
meeting at the same time and place 
as the annual meeting of the Associ- 
ation of Southern Agricultural 
Workers. This meeting is usually 
held the first week in February, and 
while an announcement of the pro- 
gram has not yet been received, it 
is assumed that the usual Section 
meeting will be held. As in the 
case of the Pacific Coast Section, 
however, federal government proj- 
ects are keeping A.S.A.E. members 
in this section unusually busy, and 
it is therefore difficult for them to 
attend meetings. 


About ASAE Members 


G. M. Foulkrod, formerly associ- 
ated with the agricultural engineer- 
ing staff at Pennsylvania State Col- 
lege, on September 1, joined the 
new agricultural engineering de- 
partment that has been organized at 
the University of New Hampshire, 
at the head of which is W. T. Acker- 
man. Mr. Foulkrod’s major activity 
will be that of college instruction 
in agricultural engineering. 


Henry Giese, agricultural engi- 
neer, Iowa Agricultural Experiment 
Station, is author of Bulletin No. 
303, entitled “Thermal Conductivity 
and Surface Treatment of Silo 
Walls,” recently issued by that sta- 
tion. 


E. J. McKibben and M. A. Sharp, 
agricultural engineers, Iowa State 
College, are listed as two of the 
authors of Extension Service Bulle- 
tin No.192, entitled “Adjustment 
and Repair of Mowers,” recently 
issued by that institution. 

R. L. Patty and L. W. Minium, 
agricultural engineers, South Dako- 
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A.S.A.E. Section Meetings 


ta Agricultural Experiment Station, 
are authors of bulletin No. 277, en- 
titled “Rammed Earth Walls for 
Farm Buildings,” recently issued by 
that institution. 


J. R. Taverneiti, associate in agri- 
cultural engineering, California Ag- 
ricultural Experiment Station, is 
author of Circular No. 329, entitled 
“Construction and Operation of Me- 
chanical Refrigerators for Farms,” 
recently issued by that institution. 


New ASAE Members 


Frederick A. Brooks, associate ag- 
ricultural engineer, University of 
California Agricultural Experiment 
Station, University Farm, Davis, 
Calif. (Mail) Box 293. 


Julian L. Schueler, chief metallur- 
gist, Continental Steel Corporation, 
Kokomo, Ind. 


Applicants for Membership 


The following is a list of applicants for 
membership in the American Society of Agri- 
cultural Engineers received since the publica- 
tion of the November issue of AGRICULTURAL 
ENGINEERING. Members of the Society are 
urged to send information relative to applicants 


for consideration of the Council prior to elec- 
tion. 


Alfons Alven, Chicago manager, 
Bearings Company of America, En- 
gineering Building, 205 W. Wacker 
Drive, Chicago, Il. 

E. M. Dieffenbach, assistant me- 
chanical engineer, Division of Me- 
chanical Equipment, Bureau of 
Agricultural Engineering, U. S. De- 
partment of Agriculture. (Mail) 
P. O. Box 429, Albany, Georgia. 


Benjamin R. Ellis, trade extension 
manager, Southern Cypress Manu- 
facturers Association, Barnett Bank 
Building, Jacksonville, Florida. 


Melville Monroe Johns, agricul- 
tural engineer, Virginia Electric 
and Power Company, Richmond, 
Virginia. 

Ray (Clifford Noll, secretary, 
treasurer, chief engineer, and gen- 
eral manager, Whiterock Quarries, 
Bellefonte, Pa. (Mail) Pleasant Gap, 
Pa. 

Clarence Bentley Richey, rate- 
setter, David Bradley Manufacturing 
Works, Bradley, Ill. (Mail) 491 S. 
Dearborn Ave., Kankakee, III. 


Transfer of Grade 
Clesson Turner, agricultural engi- 
neering specialist, extension  ser- 
vice, University of Maine, Orono, 
Maine. (Mail) 22 Myrtle St. (Jr. to 
Assoc. Mem.) 
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Tractors Use Good Bearings 


OR an organization of the size and importance of the International 


Harvester Company to use anything but the very finest bearings 


obtainable would be unthinkable. » » » McCormick-Deering tractors 
are equipped with New Departure Ball Bearings » » » The New Departure 


Mfg. Company, Bristol, Connecticut; Chicago, Detroit and San Francisco. 
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You don’t have to be an engineer in order to 
understand why, size for size, the Timken 
Tapered Roller Bearing can carry heavier 
loads than other types of bearings. Neither does 
the farmer. 


nary 


ANY 


It is simply a matter of the relative areas of the 
load carrying surfaces. If you compare a Timken 
Bearing with another type of bearing of the same 
overall dimensions, you will see that the load- 
carrying area of the Timken Bearing (repre- 
sented by the line contact of the tapered rolls 
and races) is much larger than in the other 
type of bearing. Naturally its load capacity is 
correspondingly greater. 


That is one of the most important reasons why 
the Timken Bearing is overwhelmingly dominant 
in tractors and other types of farm machinery. 
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